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Even though culturing legumes and non-legumes together has 
been practiced for several centuries (Haynes, 1980), there has 
been renewed interest in the dynamics of these associations in 
research and practice, particularly during the past three 
decades. Competition between crop plants has received much 
attention, and in a review, Donald in 1963 stated that "it is 
reasonable to suggest that two species of contrasting habit, 
with respect to branching, leaf distribution, height, root 
distribution, mineral uptake, and other morphological and 
physiological characters, will together be able to exploit the 
total environment more effectively than a monoculture, and will 
thereby give increased overall yield". Baylor (1974) 
summarized some of the" work in legume-grass mixtures, and 
indicated that a legume in the sward usually increases yield 
and quality of the sward and also improves seasonal yield 
distribution of the forage. Although grasses fertilized with 
nitrogen (N) fertilizer sometimes outyield mixtures, animal 
performance is favored by the legume-grass mixtures (Templeton, 
1976) . 
Rhodes (1981) noted that the term "competition" can be 
used to describe those events that modify the growth and 
development of a plant resulting from the association with 
another plant. Further, the most intense competition occurs 
when the needs of two organisms are very similar and the 
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factors needed for growth are limiting (Haynes, 1980). A large 
number of factors, including the competition for water, 
nutrients, oxygen, carbon dioxide, light, and space influence 
the delicate balance of a legume-grass sward. It is through 
the appreciation of how these factors work separately and in 
combination that a desirable balance can be maintained (Rhodes 
and Stern, 1978). In a legume-grass sward, both interspecific 
competition between plants of different species and 
intraspecific competition between plants of the same species 
will be found. Ludlow (1978) suggested that a combination of 
legumes with more horizontal leaves and grasses with more erect 
leaves could provide a canopy that would minimize the 
Competitive differences between grasses and legumes and thus 
promote 'botanical stability'. Rhodes (1981) suggested that if 
the use of legume-nonlegume mixtures is to eventually be 
incorporated into farming practices, information on competition 
on both a physiological and morphological basis is required to 
permit the formulation of ideotypes for compatible mixtures. 
High-yielding, high-quality legume-grass mixtures play an 
important part in forage-animal production systems. The yields 
of alfalfa-grass mixtures have been reported to be similar to 
grasses fertilized with large N inputs (Carter and Scholl, 
1962). Improved animal performance on legume-grass mixtures as 
compared to grasses alone has been reported by several 
investigators (Hamilton et al., 1969; Petritz et al., 1980; 
Jung et al., 1982). Factors such as increased intake, more 
3 
rapid digestion, and superior efficiency of nutrient 
utilization have been cited as reasons for increased animal 
performance (Waldo and Jorgensen, 1981). 
Research and practice to date has thus substantiated that 
the relationships between alfalfa and associated grasses in a 
plant community are complex. They are not simply competition 
for growth factors. Many changes in the plant community occur 
naturally, some can be culturally controlled, but none are 
sufficiently understood. With a clearer understanding of the 
changes occurring as alfalfa and grasses are grown singly 
(monocultures) and in association (binary mixtures), better 
harvesting and utilization programs can be developed to 
capitalize on those changes which can be recorded and 
understood; therefore, this research was undertaken with the 
following objectives: 
1. To evaluate the yielding potential of alfalfa-grass 
mixtures during spring and summer in relationship to 
alfalfa monoculture yields. 
2. To quantify the effect of grasses on the alfalfa 
yielding ability in binary mixtures and the effect of 
alfalfa on grasses in binary mixtures. 
3. To compare the digestibility and chemical composition 
of alfalfa and grass in binary mixtures and 
monocultures during spring and summer growth. 
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4. To quantify changes in digestibility and 
chemical composition of component parts of the alfalfa 
plant canopy as influenced by the association of a 
grass. 
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REVIEW OF LITERATURE 
Physiological and Morphological Considerations 
in Alfalfa-Grass Mixtures 
Species 
Physiological and morphological differences between 
species affect the nature of competition among species in a 
mixture . 
Alfalfa (Medicago sativa L.) is the oldest crop grown 
solely for forage (Smith, 1981). Originating in the hot, dry 
climate of southwestern Asia, historical records indicate 
alfalfa was grown in ancient times by Arabians and Persians. 
The name "alfalfa", derived from an arabic word meaning "best 
fodder", is also known in many parts of the world as "lucerne". 
Alfalfa was carried into Europe and later South America by 
invading armies, explorers, and missionaries (Barnes and 
Sheaffer, 1985). 
Alfalfa is a herbaceous, perennial legume and is one of 
the few crops that can be grown in every state of the U. S. A 
mature plant has 5 to 25 stems which will reach 60 to 90 cm in 
height. Alfalfa has a distinct tap root system that penetrates 
the soil up to 7 to 9 m. Sixty to 70% of the total root mass 
is in the upper 15 cm of the profile (Chamblee, 1972). Spring 
growth and summer regrowth occurs from either crown or axillary 
stem buds. Stored root carbohydrates are used as an energy 
source to produce new vegetative growth in the spring or 
regrowth after removal of top growth. As carbohydrates are 
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produced in excess of plant needs, reserves are stored in the 
roots. 
O'Connor (1967) suggested that the alfalfa plant is well 
adapted to exploit a wide range of environments and obtain more 
than its share of irradiance, water, and nutrients. It is high 
yielding in both pure stands and mixtures. In the Midwest, 
alfalfa is usually the dominant species of mixtures, 
influencing the total yield more than the grass component 
(Newman and Smith, 1972). 
Orchardgrass (Dactylis glomerata L.) is a vigorous, 
upright-growing perennial grass. Because no rhizomes or 
stolons are produced, the sod is open and bunchy. Leaf blades 
are wide and long, while leaf sheaths are compressed. Native 
to western and central Europe, it was introduced by early 
colonists (Jung and Baker, 1985). Orchardgrass grows 
especially well in the cool temperatures of early spring and is 
reasonably productive in the late fall. Growth and tillering 
is greatly reduced at temperatures above 28 °C (Smith, 1981). 
Orchardgrass is often found in shaded areas which probably led 
to its common name. The European common name "cocksfoot", is 
derived from the shape exhibited by its panicle inflorescence. 
Although grown in much of the U. S., orchardgrass has gained 
the most favorable acceptance in the upper Midwest, Northeast, 
and Pacific Northwest (Smith, 1981). 
Temperature and irradiance duration play an important role 
in orchardgrass flowering. Floral induction occurs during the 
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short, cool days of fall and winter and floral initiation takes 
place in the spring. The inflorescence differentiates at the 
base of the plant and is elevated upward by the elongation of 
internodes. Flowering culms are about 1-m tall with most of 
the leaves associated with the base of the plant. 
Orchardgrass is one of the earliest forage species to flower in 
the Northcentral U. S. (Jung and Baker, 1985). Selecting the 
appropriate maturity of orchardgrass is important for mixtures 
with alfalfa. Smith (1981) reported that 'Potomac' 
orchardgrass survived well with alfalfa cut at the first flower 
stage in the Northcentral U. S. At this stage, orchardgrass 
would be at anthesis or post-anthesis a time when food reserves 
in the stem bases are high. 
Orchardgrass is moderately winterhardy. Food reserves are 
stored principally in stem bases and thus, the plant is 
weakened by frequent and close cutting or grazing. It 
establishes easily and is more tolerant to shading, heat, and 
moisture stress than some of the other temperate species. 
Orchardgrass is highly responsive to high fertility conditions. 
Applying nitrogen (N) to orchardgrass grown in mixtures with 
legumes has the effect of increasing its ability to compete. 
For pasture use, orchardgrass is commonly grown in 
association with alfalfa. Because of its early spring growth, 
orchardgrass competes well with legumes. Rapid recovery after 
defoliation also gives orchardgrass a comparative advantage 
(Smith, 1981). Nitrogen fertilization of orchardgrass-legume 
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mixtures may promote the growth and competitive ability of the 
grass over the legume, which may lead to the reduction of the 
legume (Smith, 1981). Newman and Smith (1972) observed 
orchardgrass to be the most persistent and highest yielding 
grass in alfalfa-grass mixtures. Recovery growth occurs 
rapidly from the production and elongation of new leaves and 
the elongation of cut leaf blades in the stubble (Jung and 
Baker, 1985). Second and third crops are mostly leaves. 
Reed canarygrass (Phalaris arundinacea L.) is a 
cool-season, sod-forming perennial grass that grows well on 
fertile, low, wet land as well as fertile, productive uplands. 
Native to temperate regions of Asia, Europe, and North America, 
the European types are more vigorous (Marten, 1985). According 
to Always (1931), the first use of reed canarygrass as a forage 
plant was in Sweden in 1749. In the late 1800s, reed 
canarygrass seed was shipped to immigrant German farmers in 
Minnesota and Wisconsin who had knowledge of it from their 
homeland (Smith, 1981). 
Reed canarygrass is slow to establish, but becomes a 
persistent, high producer. Spreading occurs slowly by short, 
thick rhizomes which form a tough sod. Evans and Ely (1941), 
studying the morphological development of reed canarygrass, 
observed that short, fleshy rhizomes originated from axillary 
buds of old rhizomes during May, June, July, and August with 
above-ground shoots developing in the fall and early spring. 
The life of a shoot which developed from a bud in the spring is 
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limited to the same season, whereas a shoot developing from a 
bud in the fall is limited to the growing season of the 
following year. Inflorescence begins to develop from growing 
points of shoots in April with flowering and seed formation in 
June. Reed canarygrass has proven to be compatible when grown 
with alfalfa (Krueger and Scholl, 1970, Kroth et al., 1982; 
Barnett and Posler, 1983). 
Competition for nutrients 
The competition for N which occurs in grass and legume 
mixures is unique. Legumes can increase the supply of 
available N through symbiotic N fixation (West and Wedin, 
1985). Both grasses and legumes compete for the mineral soil 
N, and the balance between competition for N and transfer of N 
is a dynamic process (Vallis, 1978). 
It has been reported by some investigators that grasses 
associated with alfalfa do not receive enough N for optimum 
growth. Fishbeck and Phillips (1981) reported Rhizobium 
symbiosis did not produce sufficient N for optimum alfalfa 
growth during the first few harvests. Increased yield of the 
grass component by N fertilization of alfalfa-grass mixtures 
has been reported (McCloud and Mott, 1955; Tewari and Schmid, 
I960; Carter and Scholl, 1962; MacLeod, 1965). Smith et al. 
(1973) observed that N fertilization of alfalfa-grass mixtures 
increased the persistence and regrowth of associated grasses. 
Craig et al. (1981) reported stimulation of N fixation by 
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alfalfa grown with grasses. Others have reported no advantage 
from N application (Alexander and McCloud, 1962; Marten et al., 
1963» Wolf and Smith, 1964). Drolsom and Smith (1976) 
indicated that there still is a question as to whether or not 
grass production and species balance in a mixture can be 
maintained without supplemental N. It is essential that a 
grass species not be overly competitive (excess soil N) so that 
legume production is limited, or under-competitive (inadequate 
soil N) so that the grass production is limited. 
It is generally accepted that the cation exchange capacity 
(CEC) of legume roots is about twice that of grasses. Roots 
with a high CEC absorb relatively more divalent cations than a 
root with a low CEC. Thus, grasses may have the advantage at 
low levels of soil potassium (K) because of their fibrous root 
system and low CEC. High N and low K encourage the stimulation 
of the grass component. This is a possible explanation why 
legumes are poor competitors for K when grown in association 
with grasses (Blaser and Brady, 1950; Haynes, 1980). The 
application of phosphorus (P) to a grass-legume mixture not 
only increases the total yield but also tends to favor the 
legume (Baylor, 1974). It is generally agreed that proper soil 
fertility is essential in maintaining a grass-legume mixture. 
Competition for irradiance 
Competition for irradiance is also unique because it is 
only instantaneously available, i.e., it must be used or it 
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will be lost. Most of the radiation intercepted by a field 
crop is absorbed by the leaf laminae. Trenbath (1974) 
concluded that in the competition for irradiance, advantage 
goes to the component of the mixture with its leaf area highest 
in the canopy. Competition for irradiance occurs between 
individual leaves rather than between plants. Broad horizontal 
leaves absorb much of the irradiance within only a short 
distance from the top of the canopy (Donald, 1963). Grasses 
with vertically inclined leaves have a more even distribution 
of irradiance throughout the canopy. 
Much of the work on canopy architecture deals with grass 
and clover (Trifolium spp.) swards. Generally, the clover is 
shorter than the grass and the clover yields are often reduced 
when grown in association, with grasses. Alfalfa and 
alfalfa-grass mixtures develop sufficient foliage to intercept 
all measurable irradiance within a few weeks of growth 
(Chamblee, 1972). Etherington (1976) suggested that when a 
leaf remains below its irradiance compensation point for a long 
enough period, it will quickly die because it is not supported 
by assimilates from other plant parts. Thus, the success of a 
plant is not necessarily determined by the amount of leaf area, 
but by the amount of leaf area in an advantageous position for 
irradiance reception. Fuess and Tesar (1968) evaluated the 
loss of leaves in an alfalfa canopy and reported that the 
lowest leaves in the canopy began to absciss about 3 weeks 
before maximum leaf area index (LAI) values were reached. 
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Calculated on a basis of contribution to the overall LAI value, 
the percentage in the lower 30 cm of the canopy decreased to 9% 
at first cutting. During shorter regrowth periods of a 
three-cut management system, alfalfa leaf losses decreased, 
which in effect increased yield by 1.19 Mg ha~^. 
Some grass species such as orchardgrass appear to adapt 
more readily to shaded conditions (Smith, 1981). Donald (1963) 
suggests that excess fertilization creates an unfavorable 
condition for low growing plants due to excess shading which 
reduces their ability to compete for nutrients. 
Competition for water 
Evans (1978) indicates that root morphology may be a very 
important factor in competition for water and minerals. 
Success of any plant species in competition for water depends 
on the rate of efficiency with which it can use the soil water 
supply, inasmuch as water is often the most limiting factor. 
Chamblee (1958b) concluded from his studies that the favorable 
performance of alfalfa in some environments is due not only to 
the ability of alfalfa to obtain water from the lower profile, 
but is also a result of the fact that alfalfa is equally 
competitive with orchardgrass for moisture in the upper 
profile. Chamblee (1972) reported that when grasses are grown 
with alfalfa, the mixtures would have a higher proportion of 
roots in the upper 30 cm of the soil profile as compared to 
alfalfa alone. In general, grasses have an advantage over 
legumes because of a greater number of root hairs per unit area 
of root surface (Evans, 1978; Haynes, 1980). 
Under drought conditions, alfalfa has a comparative 
advantage over other species because of its long tap root. 
Ward et al. (1966) studied alfalfa-orchardgrass mixtures and 
observed that the orchardgrass component was increased more by 
irrigation than the alfalfa component. This indicated that 
moisture was more limiting for the production of the 
orchardgrass. The contrasting root morphologies in an 
alfalfa-grass mixture may be complementary because a greater 
soil volume is utilized, and more of the plants needs are 
supplied. 
Growth habit and defoliation 
The vigor of a species is another important factor 
affecting botanical composition. Blaser et al. (1956) observed 
that alfalfa seedlings were more vigorous than several other 
temperate species evaluated. Although orchardgrass was less 
vigorous in the seedling stage, it has been reported to be more 
competitive with alfalfa than some of the other cool-season 
grasses (Smith, 1981). 
The growth habit of pasture plants is extremely important 
because it governs the response of a plant to defoliation 
(Haynes, 1980). A key morphological feature of grasses is the 
location of meristems near the soil surface. With meristems 
low, leaf formation is less affected by defoliation and grasses 
are therefore able to continue growth after defoliation. 
Culm-type grasses which extend their apex upward by the 
elongation of internodes are more vulnerable to defoliation; 
these types of grasses depend on the initiation of axillary 
buds for new growth. Maintaining some tall-growing grasses 
with alfalfa can sometimes be difficult under intensive 
management (Smith, 1981). More frequent cutting of some 
grasses decreases food reserves and leads to slow recovery. 
The more rapid growth of alfalfa under these circumstances can 
exclude irradiance which further retards grass growth. Legume 
have a more upright growth habit with a high proportion of the 
shoots and axillary buds accessible to defoliation. In some 
situations, legumes may require a longer regeneration time 
(Haynes, 1980). If the companion grass is less palatable than 
the alfalfa, the latter will be preferentially grazed, thus 
leading to a domination by the grass species. Utilization of 
mixtures when the grass and legume components are comparable i 
quality and palatability is important (Haynes, 1980). 
Temperature 
Blaser et al. (1956) suggested that the species best 
adapted to the current environment becomes the aggressor while 
the plant less well-adapted is suppressed. As a result, a 
dynamic plant community develops because of variable response 
to the environment. Blaser et al. (1956) observed that high 
temperatures and low soil moisture severely retarded 
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orchardgrass production while the alfalfa dominated the sward. 
Smith (1969) observed that 1-year old alfalfa reached first 
flower in 21 days in a warm temperature environment of 32/24 °C 
(day/night). In a cooler environment of 28/10 °C (day/night), 
the alfalfa did not reach first flower until 16 days later, but 
forage yields were two to five times greater. Average shoot 
height was greater when alfalfa was grown in a cool temperature 
regime; and there was no significant difference in the number 
of shoots produced (Smith, 1969). 
Management 
Tewari and Schmid (i960) suggested several ways to control 
competition in alfalfa-grass mixtures. They were; 1) varying 
the seeding rate of the species, 2) applying N fertilizer to 
stimulate the grass growth, 3) using various grass species, and 
4) planting the species in rows to reduce interspecific 
competition. Other researchers demonstrated that various 
planting arrangements influence the yield and persistence of 
the mixture components (Chamblee and Lovvorn, 1953; Tewari and 
Schmid, I96O; Kilcher and Heinrichs, 1971; Newman and Smith, 
1972). Newman and Smith (1972) observed the greatest yields 
for mixtures planted in alternate rows the first year, but 
broadcast seedings were greatest the second year. Row-seeded 
patterns usually favored the grass. In most mixtures, alfalfa 
has been the most dominant species during mid-summer when 
grasses do not reach their maximum growth potential. 
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Yield of Alfalfa-Grass Mixtures 
After reviewing the results from seventy different 
experiments of forage mixtures, Donald (1963) remarked, "it 
seems that when two fodder species are grown together they give 
no advantage in terms of the dry matter yield over the higher 
yielding pure culture". Chamblee (1972) agreed that there have 
been few tests that conclusively prove a yield advantage of 
alfalfa-grass mixtures over pure alfalfa stands. Such factors 
as optimum seeding densities and the satisfaction of all 
fertility requirements for both species are important 
considerations determining which has the yield advantage. 
Chamblee (1958a) observed that orchardgrass yielded more 
when grown between two rows of alfalfa than when grown between 
two rows of orchardgrass. This was true whether or not there 
were partitions between the roots of the two species. Tewari 
and Schmid (i960), looking at the influence of legumes on 
associated grasses of alfalfa-grass mixtures, observed that 
grasses grown 15 cm from alfalfa plants yielded more than 
grasses grown 50, 45, or 60 cm from alfalfa plants. Jackobs 
(1967) evaluated one hundred forage mixtures containing from 
two to several species. When alfalfa was added to the 
mixtures, total yields increased because the increased yield 
from the alfalfa was greater than the yield lost by 
substitution. Dubbs (1971) also worked with various grasses 
grown with alfalfa and reported that the grasses grew taller 
and produced more dry matter than grasses grown alone. Cooper 
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(1979) reported that grasses contributed less to total 
production of a mixture when grown with a tall-growing legume 
than when grown with shorter legumes, indicating a more intense 
competition. Barnett and Posler (1983) also worked with 
mixtures of various grasses and legumes and reported that the 
grass component of mixtures produced more dry matter than 
unfertilized pure stands. Although they did not attempt to 
interpret their findings, they did not eliminate the 
possibility that grasses grown in mixtures have less 
competition for moisture, nutrients, and irradiance than when 
grown in pure stands. 
Association with grasses may also be beneficial for the 
alfalfa component of alfalfa-grass mixtures. Chamblee (1958a) 
observed that alfalfa benefited at times from the association 
with orchardgrass. Craig et al. (1981) observed that legume 
dry weight per plant decreased in only one instance when 
associated with grasses. The grass association was not 
detrimental to the legume. Stimulation of N fixation was 
suggested. 
Digestibility and Chemical Composition of 
Alfalfa-Grass Mixtures 
As utilized, herbage is often a mixture of different 
plants and plant parts which differ in maturity and 
composition. Grasses and legumes have large inherent 
differences that affect their chemical composition. With 
respect to forage quality, plants are composed of cell walls 
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and cell solubles. The cell solubles are highly digestible 
while the cell wall is both slowly and variably digestible 
(Waldo and Jorgensen, 1981). Alfalfa has a greater 
concentration of cell solubles and a lesser concentration of 
cell wall than grasses. Also, lignin concentrations are 
greater and hemicellulose concentrations are smaller in alfalfa 
as compared to grasses. Cellulose concentrations are reported 
to be similar for alfalfa and grass (Waldo and Jorgensen, 1981; 
Van Soest, 1982). Temperate forage species, which are short 
and leafy, have marked differences in digestibility and 
chemical composition as compared to species which are very 
stemmy (Blaser et al., 1977). 
Species 
It is well documented that temperate legumes and grasses 
decrease in digestibility and N concentration, and increase in 
cell wall content and lignification with advancing maturity 
(Brown et al., 1968). Alfalfa is of high quality through first 
flower, but then declines rapidly in digestibility and N 
concentration and increases in CW concentration (Smith, 1981; 
Buxton et al., 1985; Buxton and Hornstein, 1986). The quality 
of orchardgrass declines rapidly after the plant is fully 
headed, or the stems become coarse and dry. The regrowth is 
leafy and generally does not decline in forage quality (Smith, 
1981). Nutritive value of reed canarygrass varies greatly with 
stage of maturity, plant part, and level of fertility (Marten, 
1985). Poor palatability and poor animal performance of reed 
canarygrass is reported because of several toxic alkaloid 
substances in the herbage. Low alkaloid cultivars are now 
available. Palatability of reed canarygrass declines rapidly 
with advancing maturity as the plants become stemmy and 
fibrous. 
Alfalfa plant parts 
The quality of forages is usually evaluated on a total 
herbage basis, even though the quality of plant parts may vary 
greatly. Terry and Tilley (1964) suggested that the 
digestibility of a crop can be interpreted in terms of the 
proportion and digestibilities of its component parts. 
Wilman and Altimimi (1984) have reported on contribution of 
various alfalfa plant parts to the total yield. Alfalfa 
leaflets at bud stage comprised 29^ of the total yield, while 
at seed formation their contribution had decreased to 13^. 
During the same time period, stem proportion increased from 64 
to 73%' At full flower, the contribution of the inflorescence 
was 6% of the total yield. Alfalfa leaves are metabolic organs 
that maintain high quality throughout the aging process. 
Because of the structural nature of the stems, decreasing 
quality is associated with increasing cell wall components and 
lignification. Pick and Holthausen (1975) suggested the use of 
a two-way separation of alfalfa leaves and stems, which would 
include petioles, stipules, stem tips, and reproductive 
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structures with the leaves. The parts other than leaf blades 
composed 11$ of the total yield and had in vitro true 
digestibility values similar to that of the leaf blades. 
Hardison et al. (1957) evaluated the digestibility of 
alfalfa tops and alfalfa bottoms. They reported that the in 
vivo digestibility of the bottom portion of the canopy was 10 
percentage units lower than the tops and declined with time 
while the digestibility of the tops remained constant. The 
digestibility of alfalfa leaves declines only slightly as the 
plant matures (Terry and Tilley, 1964; Mowat et al., 1965; 
Albrecht, 1983; Wilman and Altimimi, 1984; Buxton et al., 
1985). Mowat et al. (1965) observed that the digestibility of 
alfalfa stems early in the season was as high as that of the 
leaves, but that the stems declined rapidly as the plant 
matured. Buxton et al. (1935) evaluated the digestibility of 
alfalfa leaf blades and alfalfa stem segments within the 
canopy. The digestible dry matter of alfalfa stems decreased 
twice as rapidly as did the total herbage with advancing 
maturity. Further, the stems exerted a large effect on the 
quality of the total herbage. The evaluation of the chemical 
composition of canopy segments has also been reported by other 
investigators (Terry and Tilley, 1964; Christian et al., 1970; 
Wilman and Altimimi, 1984; Buxton et al., 1985). Little 
variation occurs in the digestibility of leaves from various 
canopy segments. The digestibility of the stem progressively 
increased from the base to the top of the stem (Smith, 1970; 
Buxton et al., 1985). 
The N concentration among alfalfa plant parts is reported 
to be highly variable. Mowat et al. (1965) and Buxton et al. 
(1985) have reported nearly parallel rates of crude protein 
decline in leaves and stems with advancing maturity. Smith 
(1970) stratified the alfalfa canopy into 10-cm segments and 
reported that the crude protein concentrations of the leaves 
increased as plant height increased. Woodward and Sheehy 
(1979) and Wilman and Altimimi (1984) also observed a 
decreasing crude protein concentration from the top to the 
bottom of the alfalfa canopy. 
• Buxton and Hornstein (1986) evaluated the cell wall 
concentration of alfalfa canopy parts. Cell wall concentration 
was the least for leaves and greatest for the stem bases. The 
CW concentration of each stem segment increased with stage of 
growth and the increases were more pronounced in the spring 
than in the summer. 
Because voluntary intake of herbage is an inverse function 
of cell wall concentration (Waldo and Jorgensen, 1981), alfalfa 
stem bases may be the major limiting factor inhibiting intake 
(Buxton and Hornstein, 1986). This was shown in their research 
in that cell wall lignin (CWL) generally increased with 
advancing maturity. Also, CWL was greatest for stem bases and 
least in stem tops. Earlier, Terry and Tilley (1964) had 
reported a relatively constant lignin concentration for alfalfa 
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leaves during primary growth. As explained by Van Soest 
(1982), legumes do not vary greatly in lignification with plant 
age or parts when expressed on a cell wall basis. Rather, 
alfalfa leaves and stems differ in lignin concentration only to 
the extent that they differ in cell wall concentration. 
Raymond (1969) suggested that alfalfa leaves maintain 
their high quality by the senescence of older leaves that drop 
to the ground. Dead legume leaves are reported to have 
substantially lower digestibility, cell wall, and N 
concentrations than green leaves (Wilman and Altimimi, 1984). 
The digestibility of immature orchardgrass stems was 
higher than that of the leaves (Mowat et al., 1965; Terry and 
Tilley, 1964). In grasses, the leaves have an important 
structural as well as metabolic function and decline in quality 
with age, though not as rapidly as the stems (Van Soest, 1982). 
The decrease in digestibility observed with advancing maturity 
was the greatest for the stems and intermediate for the leaf 
sheaths (Mowat et al., 1965). Although the cell wall 
concentration is higher in grasses than in legumes, the cell 
wall of grasses are more digestible than cell walls in legumes 
because of lower lignification (Robles et al., 1980; Waldo and 
Jorgensen, 1981). 
Mowat et al. (1965) reported that the crude protein 
concentrations of immature grass leaves and stems were similar. 
The decline in percentage of crude protein was greatest for the 
stems with the initial decline the greatest. 
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Temperature 
Forage plant growth and composition reflect the 
environment in which they are grown. Higher temperatures 
promotes rapid physiological development. Garza et al. (1965) 
observed lower digestibility and N concentration for alfalfa 
seedlings grown at 30 °C as compared to those grown at 15 °C. 
Smith (1969) reported that first flower herbage which was grown 
in a low-temperature regime (18/10 °C) had a higher 
digestibility, but lower N concentration than herbage grown 
under a high-temperature regime (32/24 °C). The temperature 
had little effect on either acid detergent fiber (ADF) or 
lignin concentrations. Digestibility of the leaves was highest 
when grown under a low-temperature regime. Considering stems 
only, digestibility values did not differ significantly between 
the two temperature regimes (Smith, 1969). Although Marten 
(1970) agreed that temperatures had little effect on ADF or 
lignin, no differences in digestibility were observed under the 
low (16/10 °C) and high (27/21 °C) temperature regimes. Van 
Soest (1982) postulates that lower digestibilities at higher 
temperatures are a result of increased lignification of the 
cell wall and increasing structural cell wall components. 
The quantitative effect of temperature varies with plant 
parts and species. Alfalfa leaves showed little variation in 
digestibility with changes in environmental temperatures 
(Smith, 1969; Marten, 1970). Alfalfa stems increased in lignin 
and decreased in digestibility with increasing temperatures 
(Van Soest, 1982). Buxton et al. (1985) reported that the 
digestibility of stems decreased more rapidly during spring 
than summer growth. Nitrogen concentrations in alfalfa leaves 
when grown under a high-temperature regime were higher as 
compared to N concentrations when grown in a low-temperature 
regime at the same stage of growth (Smith, 1969; Marten 1970). 
Effect of management 
Blaser (1964) reviewed the effect of fertilization on the 
nutritive value of forages and indicated that although N 
fertilization increased the N concentration of forages, the 
digestibility and fiber components remained unchanged. Reid et 
al. (1967) evaluated tall fescue (Festuca arundinacea Schreb.) 
pastures under different fertilizer treatments and reported 
that N fertilization decreased digestibility and cell wall 
concentration. For orchardgrass and reed canarygrass, Krueger 
and Scholl (1970) reported that the digestibility decreased 
with increasing levels of N fertilization. Of all the 
management and fertilization practices, the application of N 
has the greatest effect on plant composition (Van Soest, 1982). 
He suggested that the most important changes are associated 
with increased yield and N concentration and that digestibility 
is usually depressed with N fertilization. 
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Effect of association on forage quality 
Tewari and Schmid (1960) observed a direct relationship 
between N concentration and the amount of alfalfa in the 
mixture. Dilz and Mulder (1962) also observed increased N 
concentrations in grasses associated with N-fixing legumes. 
Dubbs (1971) and Barnett and Posler (1983) also observed that 
when compared with unfertilized grass monocultures, grasses 
associated with legumes had increased N concentrations. 
Johnson and Nichols (1969) reported a crude protein value for 
orchardgrass grown with alfalfa of 103 g kg"^ while the 
non-fertilized orchardgrass was 96 g kg""* . Reed canarygrass 
with alfalfa was 118 g kg"'' while the unfertilized reed 
canarygrass was 110 g kg~^. Krueger and Scholl (1970) observed 
first-cut orchardgrass and reed canarygrass grown with alfalfa 
to have N concentrations similar to orchardgrass which received 
224 kg ha""* of N. Nitrogen fertilization increased cell wall 
and lignin concentrations in the two grasses in the same way as 
did association with alfalfa. Sollenberger et al. (1984b) also 
observed an increase in the N concentration in orchardgrass 
grown in association with alfalfa equal to that grown with 112 
kg ha"^ of N. 
A direct relationship was also observed for grass N 
concentration and distance from an alfalfa plant. Grasses 
grown 15 cm from an alfalfa plant had a higher crude protein 
concentration than grass grown 60 cm from an alfalfa plant 
(Tewari and Schmid, I960). Newman and Smith (1972) observed 
26 
that the N yield of alfalfa-grass mixtures was inversely 
related to the amount of grass in the mixtures. 
Napitupulu and Smith (1979) evaluated changes in chemical 
composition as affected by the proportion of alfalfa and 
orchardgrass in mixtures. The two species were grown in pure 
cultures and mixed to different proportions for chemical 
analyses. The two species were similar in digestibility, but 
orchardgrass had a higher cell wall concentration. They 
concluded that as the proportion of alfalfa in the mixture 
decreased, the concentration of constituents important for 
animal nutrition also decreased and fibrous constituents 
increased. The study neglected to address the issue that 
alfalfa and grasses in mixtures likely are different in growth 
and composition than if grown in pure cultures. 
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PART I. YIELD DYNAMICS OF CANOPY COMPONENTS IN ALFALFA-GRASS 
MIXTURES DURING SPRING AND SUMMER GROWTH 
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INTRODUCTION 
Even though legumes and non-legumes have been grown 
together for several centuries (Haynes, 1980), there has been a 
renewed interest in legume-grass mixtures during the past three 
decades. In an excellent review of competition between crop 
plants, Donald (1963) stated that, "it is reasonable to suggest 
that two species of contrasting habit, with respect to 
branching, leaf distribution, height, root distribution, 
mineral uptake, and other morphological and physiological 
characters, will together be able to exploit the total 
environment more effectively than a monoculture, and will 
thereby give increased overall yield". 
The most intense competition occurs when the needs of two 
organisms are very similar and the factors needed for growth 
are limiting (Haynes, 1980). A large number of factors, 
including competition for water, nutrients, oxygen, carbon 
dioxide, light, and space influence the delicate balance of a 
legume-grass sward. It is through an appreciation of how these 
factors work separately and in combination that a desirable 
balance can be maintained (Rhodes and Stern, 1978). One factor 
relates to the physiological and morphological differences 
between species which affects the nature of competition between 
the various species in a mixture. Ludlow (1978) suggested that 
a combination of legumes with more horizontal leaves and 
grasses with more erect leaves would provide a pasture canopy 
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that could minimize the competitive differences between grasses 
and legumes, and thereby promote 'botanical stability'. Rhodes 
(1981) suggested that, if the interest in growing of legumes 
and non-legumes together is to eventually be incorporated into 
farming practices, physiological and morphological information 
is required to permit the formulation of compatible ideotypes. 
High-yielding, high-quality legume-grass mixtures play an 
important part in forage-animal production systems. The yield 
of alfalfa-grass mixtures has been reported to be similar to 
grasses fertilized with large applications of nitrogen (N) 
(Carter and Scholl, 1962; Alexander and McCloud, 1962; Krueger 
and Scholl, 1970; Sollenberger et al., 1984a)» Compared to 
grass monocultures, improved animal performance from feeding 
legume-grass mixtures has. been reported by several 
investigators (Hamilton et al., 1969; Petritz et al., 1980; 
Jung et al., 1982). Factors such as increased intake, more 
rapid digestion, and superior efficiency of nutrient 
utilization have been given for increased animal performance 
(Waldo and Jorgensen, 1981). 
Tewari and Schmid (i960) suggested several ways to control 
competition in alfalfa-grass mixtures. They were; 1) varying 
the seeding rate of the species, 2) applying N fertilizer to 
stimulate the grass growth, 3) using various grass species, and 
4) planting the species in rows to reduce interspecific 
competition. Further, it has been demonstrated by several 
investigators that various planting arrangements influence the 
yield and persistence of the mixture components (Chamblee and 
Lovvorn, 1953» Tewari and Schmid, I960; Kilcher and Heinrichs, 
1971; Newman and Smith, 1972; Smith and Jacques, 1973). Newman 
and Smith (1972) compared row-seeded mixtures of alfalfa and 
grasses with broadcast seedings. They reported the greatest 
yields for mixtures planted in alternate rows the first year 
and for broadcast seedings the second year. Usually, 
row-seeded patterns favored the grasses (Newman and Smith, 
1972). 
Some years ago it was difficult to maintain a desirable 
balance of alfalfa and grass because of the competitiveness 
exibited by the grass. Today, the old saying "take care of the 
legume and the grass will take care of itself" is no longer 
true with the development' of more vigorous and persistent 
alfalfa varieties and improved management practices (Templeton, 
1976). In the Midwest, alfalfa is reported to be the most 
dominant species during the mid-summer when grasses do not 
reach their maximum growth potential (Smith, 1981). 
Many studies have been conducted to determine the 
influence of various combinations on the yield of mixtures 
(McCloud and Mott, 1955; Tewari and Schmid, I960; Jackobs, 
1967; Newman and Smith, 1972; Barnett and Posler, 1985; 
Sollenberger et al., 1984a; Casier, 1985). Chamblee (1972) 
suggested that there have been few tests which conclusively 
prove the yield advantage of alfalfa-grass mixtures over pure 
alfalfa stands. Research investigating the relationships 
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between species in alfalfa-grass plant communities is limited 
(Chamblee, 1958a; Tewari and Schmid, I960). 
The quality of forages is usually evaluated on a total 
herbage basis. Terry and Tilley (1964) suggested that the 
digestibility of a crop can best be interpreted in terms of the 
proportion and digestibilities of its component parts. Wilman 
and Altimimi (1984) reported that alfalfa leaflets comprised 
29/6 of the total yield at bud stage, but only 13^ at seed 
formation. During the same period, the contribution of the 
stem increased from 64 to 73/S of the total yield. The 
leaf-to-stem ratio of alfalfa is usually reported on a total 
herbage basis even though large differences exist between the 
upper and lower portion of the canopy (Buxton et al., 1985). 
No studies were found which discuss changes in morphological 
characteristics of alfalfa canopy components resulting from the 
alfalfa-grass association. 
This research was undertaken to observe and more adequately 
describe the many changes that take place in alfalfa-grass 
swards. The objectives of this research were to: 1) evaluate 
the yield potential of alfalfa-grass mixtures during spring and 
summer growth, 2) quantify the effect of cool-season grass 
association on the yield of alfalfa canopy components in binary 
mixtures and the effect of alfalfa association on cool-season 
grasses grown in binary mixtures. 
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MATERIALS AND METHODS 
'Advantage' alfalfa (Medicago sativa L.), an upright hay 
type, was established in two seeding patterns with two 
contrasting grasses. 'Palaton', a low-alkaloid reed 
canarygrass (Phalaris arundinacea L.), is a tall, sod-forming 
cool-season grass. 'Orion' orchardgrass (Dactylis glomerata 
L.) is a vigorous, upright-growing, bunch grass. Monocultures 
of each species and alfalfa-grass mixtures were evaluated over 
50-day periods during spring growth and summer regrowth for two 
years. 
Site Characteristics 
Two plantings were made at the Iowa State University 
Agronomy and Agricultural' Engineering ResearcJi Center near 
Ames. Planting I, established 29 April 1983, was on a Canesteo 
silty clay loam [fine-loamy, mixed (calcareous), mesic Typic 
Haplaquoll] the first year out of soybeans (Glycine max L.) 
(Fig. A1). The initial growth on this site was removed on 14 
July 1983 to facilitate regrowth sampling over five, 10-day 
intervals beginning 25 July (Table A1 ). Spring-growth yield 
and development data were taken over a 50-day period beginning 
11 May 1984. Planting II was established 26 April 1984 on a 
Webster silty clay loam [fine-loamy, mixed, mesic Typic 
Haplaquoll] the first year out of soybeans (Glycine max L.) 
(Fig. A3). The initial growth of these plots was removed 15 
July 1984, after which harvests were made for five, 10-day 
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intervals. Spring growth from these plots was sampled for a 
50-day period beginning 29 April 1985. 
Initial soil tests revealed that both soils had a pH of 8.0 
and that available P and K levels averaged 108 and 257 kg ha~^, 
respectively. Fall fertilization of P and K was based on soil 
test recommendations. To minimize N deficiency of grasses in 
binary mixtures, a maintenance level of N at 50 kg ha"^ was 
applied to all treatments 10 days before the first harvest. 
Experimental Design and Forage Sampling 
The species were planted in 10-cm rows in 3.7- by 8-m 
plots using one-row hand seeders. Monocultures of each species 
were established at seeding rates of 15, 10, and 10 kg ha""* for 
alfalfa, reed canarygrass, and orchardgrass, respectively. 
Binary mixtures of alfalfa and each of the two grasses were 
established in two repeating planting patterns; 
I. One row of grass bordered by a row of alfalfa on 
each side (10 kg ha""* alfalfa seed and 3.3 kg 
ha~ grass seed). Binary mixtures planted with 
Pattern I are referred to as ARA for alfalfa-reed 
canarygrass-alfalfa mixtures and AOA for 
alfalfa-orchardgrass-alfalfa mixtures. 
II. One row of alfalfa bordered by a row of grass on 
each side (5 kg ha""* alfalfa seed and 6.7 kg 
ha ^ grass seed). Binary mixtures planted with 
Pattern II are referred to as RAR for reed 
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canarygrass-alfalfa-reed canarygrass mixtures and 
OAO for orchardgrass-alfalfa-orchardgrass mixtures. 
Monocultures of alfalfa, reed canarygrass, and orchardgrass are 
referred to as AAA, RRR, and 000, respectively. To avoid 
within-row differences in plant density, uniform seeding rates 
were used for both monocultures and binary mixtures. 
Seven treatments, including three monocultures and four 
binary mixtures, were replicated three times in a split-plot 
design. Each whole plot was split into five quadrats to be 
sampled at 10-day intervals. On each harvest date, three 
randomly assigned 0.6- by 1.0-m samples were hand harvested at 
a 5-om height for; 1) total yield, 2) separated alfalfa and 
grass yield, and 3) stratified alfalfa yield. 
For stratified yield component determination, all plots 
containing alfalfa were harvested in the field. A 0.6- by 
1.0-m canopy stratification cage was employed. Rods were 
inserted into the canopy at a 30-cm height and held in place by 
the cage while the alfalfa tops (above 30 cm) were removed; 
after which alfalfa bottoms (from 5 to 30 cm height) were 
removed (Fig. A4). Twenty-five alfalfa stems were selected at 
random from each stratum and were separated into leaves 
(containing petioles and reproductive structures) and stems 
which were used to calculate leaf-to-stem (L;S) ratio. All 
samples were dried in a forced-draft oven at 60 °C for 48 
hours. 
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For component yield determination, the yield of either the 
alfalfa or the grass component in each plot is the product of 
the total yield and the proportion of alfalfa or grass in the 
separated sample. The yield of alfalfa tops or alfalfa bottoms 
is the product of the alfalfa yield and the proportion of 
either alfalfa tops or bottoms in the stratified sample. 
Alfalfa top and bottom leaf yields are the product of alfalfa 
top and bottom yields and the proportion of leaves in each 
stratum. Because binary mixtures were planted in single rows, 
alfalfa and grass yields were adjusted by the appropriate 
factor to an equal-area-basis with monoculture yields such that 
alfalfa and grass production in binary mixtures could be 
compared to monoculture production. 
Separate alfalfa samples, taken from 1 m length of row, 
were removed from each plot containing alfalfa and were used to 
determine alfalfa shoot height and weight (20 most mature 
shoots) and phenological development. Mean phenological stage 
of development values as outlined by Kalu and Pick (1981), were 
determined for the alfalfa grown in monoculture. The 
phenological development values of alfalfa during spring growth 
of 1984 and 1985 were similar, averaging 1.0, 2.4, 2.8, 3.6, 
and 5.3 for 10, 20, 30, 40, and 50 days of growth, respectively 
(Table A4). The phenological development values were 0.4, 1.9, 
2.2, 2.5, and 2.6 for the five, 10-day harvests during the 
summer growth period in 1984» respectively. Phenological 
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development was not determined during the summer growth period 
of 1983. 
Separate grass samples, also taken from 1 m length of row, 
were removed from grass monocultures and mixtures. These 
samples were used to determine phenological development and 
grass tiller height and weight (20 most mature tillers). Mean 
phenological stage of development for each grass monoculture 
plot was determined according to the procedure of Simon and 
Park (1983). For reed canarygrass, phenological development in 
the spring was similar for both years, averaging 23, 38, 47, 
60, and 85 for 10, 20, 30, 40, and 50 days of growth, 
respectively, for the two years (Table A4). Phenological 
development of orchardgrass in the spring of 1984 was 23, 29, 
34» 59, and 53 for the five, 10-day growth periods, 
respectively. During the spring of 1985, orchardgrass 
development in monoculture was delayed because of lack of 
moisture (22, 24, 27, 26, and 30 for the five, 10-day growth 
periods, respectively). Phenological development data were not 
taken during the summer growth period of 1983. During the 
summer of 1984, orchardgrass and reed canarygrass remained in a 
vegetative state, averaging 22 and 30, respectively. 
The data were analyzed via analysis of variance with 
Statistical Analysis Systems (SAS), with significance reported 
at the 3% level of probability unless otherwise stated. 
Treatment means were tested using orthogonal comparisons. 
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Climatological Data 
During the establishment period for Planting I (May to 
June 1983)» total rainfall was 397 mm (148 mm above normal) and 
the mean daily temperature was 18 °C. Later, during the summer 
1983 growth cycle, total precipitation was 204 mm (18 mm above 
normal) and temperatures averaged 25.5 (2.8 °C above 
normal). In April 1984» Planting II was being established 
while spring growth data were being taken in Planting I. 
During this period, total precipitation was 296 mm (55 mm above 
normal) and daily temperatures averaged 18 ®C, which was 
normal. During July and August 1984» only 94 mm of rainfall 
was recorded. This was 92 mm below normal and soil moisture 
was limiting for adequate plant growth. The mean daily 
temperature during this period was 23 °C, which was about 
normal for this time of the year. 
The spring sampling of Planting II began 10 days earlier 
because of above normal temperatures during April 1985. Total 
precipitation during this growth period was only 72 mm. Only 
32 mm of rainfall was recorded during the month of May of that 
year, which was 79 mm below normal. Mean daily temperature 
during May 1985 was 18 °C or 2 °C above normal. It is evident 
that during the spring 1985 growth period, moisture was a 
limiting factor for forage production (Table A2 and A3). 
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RESULTS AND DISCUSSION 
The mean total dry matter yields of alfalfa, reed 
canarygrass, and orchardgrass monocultures and alfalfa-reed 
canarygrass and alfalfa-orchardgrass mixtures during two spring 
and two summer growth periods are presented in Table 1.1. The 
alfalfa component yields and grass component yields 
significantly increased (p<O.Ol) as its proportion in the 
mixture increased. Alfalfa and grass production was greater in 
the spring than the summer. Significant differences between 
plantings were observed for the total yield (p<O.Ol), the 
alfalfa component (p<O.Ol), and the grass component (p<0.05) 
yields (Table 1.2). 
Spring Growth 
Total yield 
Alfalfa associated with the higher producing reed 
canarygrass significantly outyielded mixtures of 
alfalfa-orchardgrass during the spring of 1984 (Table 1.3). 
The total yield was not affected by seeding pattern for either 
grass. During the spring growth period of 1984» the grass 
component averaged 44 (ARA), 27 (AOA), 64 (RAR), and 54% (OAO) 
of the total yield on a dry weight basis. During this growth 
period, the alfalfa monocultures were consistently outyielded 
by the alfalfa-grass mixtures (p<0.05). During the spring 
growth period of 1985, the grass component averaged 13 (ARA), 
22 (AOA), 36 (RAR), and 3556 (OAO) of the total yield. No 
significant differences in mixture yields were observed for the 
different species or seeding patterns during this growth 
period. When the grass represented a smaller proportion of the 
mixture, the alfalfa monoculture significantly (p<0.05) 
outyielded the alfalfa-grass mixtures. Alfalfa monocultures 
and alfalfa-grass mixtures significantly (p<O.Ol) outyielded 
grass monocultures during both spring growing periods. The 
alfalfa monocultures produced 47$ greater yields in the 1985 
spring-growth cycle than in 1984» Although more precipitation 
was recorded during the sampling of Planting I, warmer spring 
temperatures were recorded during the sampling of Planting II, 
alfalfa shoot weight was increased 64$ (Table 1.7). Both reed 
canarygrass and orchardgrass monocultures were slightly more 
productive in the spring of 1984 than in the spring of 1985. 
Reed canarygrass monocultures consistently outyielded 
orchardgrass monocultures. 
Alfalfa component and alfalfa parts 
Adjusted alfalfa yields from binary mixtures, expressed as 
a percentage of monoculture alfalfa yields, are presented in 
Table 1.4» Alfalfa grown in association with grasses averaged 
24$ higher yields during the spring of 1984» On stratifying 
the alfalfa parts, it was observed that although not 
statistically significant, the adjusted yield for alfalfa 
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bottoms and alfalfa tops associated with grass were 17 and 31 $ 
greater than the monoculture, respectively. 
In the spring of 1985, the adjusted alfalfa yields for 
mixtures averaged 5056 greater production (p<O.Ol) than the 
monocultures. The effect of species was not significant, but 
seeding patterns significantly (pCO.Ol) affected adjusted 
alfalfa yield. Yields increased 17^ (p<O.Ol) for Pattern I and 
55$ for Pattern II. When the alfalfa plants were stratified, 
it was observed that the adjusted yields of alfalfa bottoms and 
tops associated with the grasses averaged 54 and 47$ (p<0.01) 
more than the monoculture yields, respectively. 
The dry matter yields of alfalfa leaves and stems above 
30-cm (tops) and below 30-cm (bottoms) for monocultures and 
binary mixtures with grass are presented in Figure 1.1. By 20 
days of growth, the mass of leaves in the bottom stratum was 
decreasing while the mass of leaves above 30-cm was increasing. 
By 30 days of growth, almost all the leaves below 30 cm were 
lost. The mass of bottom stems continued to increase until 
about 30 days of growth; the mass of top stems continued to 
increase through day 50. 
In the spring of 1984, leaf:stem (L:S) ratios of alfalfa 
bottoms were unaffected by grass association while alfalfa tops 
averaged 11$ higher L;S ratio as compared to monoculture. 
Alfalfa associated with orchardgrass had significantly greater 
(p<0.0l) L:S ratio than alfalfa associated with reed 
canarygrass (Table 1.6). Alfalfa associated with orchardgrass 
in Pattern II averaged 33^ greater leaf:stem ratio than the 
alfalfa monoculture; yet, the average height and shoot weight 
of alfalfa was unaffected by grass association (Table 1.7). 
The L:S ratios of the alfalfa bottoms were unaffected by 
grass association in the spring of 1985. An 18% increase 
(p<O.Ol) in L:S ratios of alfalfa tops associated with grasses 
was observed .(Table 1.5). Alfalfa associated with orchardgrass 
averaged 10% higher L;S ratio than alfalfa associated with reed 
canarygrass. As the proportion of grass in the mixtures 
increased from 13 (ARA) to 3655 (RAR) reed canarygrass and 22 
(AOA) to 35$ (OAO) orchardgrass, the L:S ratio of the alfalfa 
tops increased 11 and 2055, respectively. Alfalfa shoot height 
and shoot weight was unaffected by grass association (Table 
1.7). 
Grass component 
Grass yields in binary mixtures were directly related to 
the proportion of grass sown in the mixture (Figure 1.1). In 
the spring of 1984, reed canarygrass production continued 
through day 50, whereas orchardgrass production slowed after 40 
days. Reed canarygrass in monocultures and in mixtures with 
alfalfa significantly outyielded (p<0.0l) orchardgrass. Reed 
canarygrass tillers were taller (p<0.0l) and had a greater mass 
(p<0.05) than orchardgrass tillers. Grass production in binary 
mixtures was limited in the spring of 1985 because of 
insufficient moisture. 
Analysis of variance of the adjusted grass yields during 
the two spring growth periods revealed that grass yields in 
binary mixtures were not significantly different from the 
monoculture yields when adjusted to an equal-area-basis. In 
the spring of 1985» when moisture was inadequate, the mass of 
reed canarygrass and orchardgrass tillers associated with 




The grass component averaged 21 (ARA), 31 (AOA), 49 (RAR) 
and 39% (AOA) of the alfalfa-grass mixtures on a dry weight 
basis during the summer growth period of 1983. In the summer 
of 1984» alfalfa dominated the alfalfa-grass mixtures and the 
grass component averaged only 3 (ARA), 3 (AOA)» 10 (RAR), and 
^3% (OAO) grass. The total yield of mixtures were not affected 
by species. As the proportion of grass in the mixture 
increased, the total yield decreased. Alfalfa-orchardgrass 
mixtures sown in Pattern II yielded significantly less than 
Pattern I in both summer growth periods. Reed canarygrass 
mixtures planted in Pattern I outyielded Pattern II only in the 
summer of 1984 because of poor establishment of reed 
canarygrass in Planting II. 
Alfalfa monocultures and alfalfa-grass mixtures 
significantly (p<O.Ol) outyielded grass monocultures during 
both summer growing periods (Table 1.3)• Alfalfa monocultures 
averaged 50$ greater production in the summer of 1984 than 
1983. Comparing the two summer growth periods, less 
precipitation was recorded during the sampling of Planting II, 
but the mean daily temperatures were higher in August 1983 
which probably contributed to decreased shoot mass. The 
alfalfa monoculture significantly (p<0.05) outyielded the 
alfalfa-grass mixtures during both summer cycles. Reed 
canarygrass monocultures averaged 33 and 59$ greater dry matter 
yields than orchardgrass monocultures during the summer growth 
periods. 
Alfalfa component and alfalfa parts 
The adjusted alfalfa yields from binary mixtures expressed 
as a percentage of monoculture yields are presented in Table 
1.4. During the summer of 1983, alfalfa adjusted yields were 
greater (p<O.Ol) when associated with reed canarygrass than 
when associated with orchardgrass. Alfalfa seeded in Pattern 
II was 13$ higher yielding than in monoculture. Analysis of 
alfalfa shoot weight data showed that alfalfa associated with 
reed canarygrass had an 11$ greater mass (p<0.01) than the 
monoculture. Alfalfa production was suppressed in orchardgrass 
associations, producing 21$ less than the monoculture. When 
the alfalfa in each mixture was stratified, it was observed 
that grass association had no effect on the L:S ratio of 
alfalfa bottoms, but was increased 5$ (p<0.05) in the alfalfa 
tops (Tables 1.5 and 1.6). Species and seeding pattern had no 
effect on L:S ratio of alfalfa tops. 
During the summer of 1984» when the grass production was 
limited, alfalfa in mixtures averaged 24$ greater yields 
(p<O.Ol) on an equal-area-basis than the monoculture. Alfalfa 
seeded with either reed canarygrass or orchardgrass in Pattern 
II averaged 63$ greater (p<O.Ol) yields than alfalfa seeded in 
Pattern I. The L;S ratio of alfalfa bottoms was not influenced 
by grass association. The L:S ratios of alfalfa tops were 
increased 24$ (p<0.05) by grass association, with no 
significant effects resulting from species or seeding pattern. 
Analysis of alfalfa shoot weight data confirmed that alfalfa 
shoots associated with grass had a 17$ greater mass (p<0.05) 
than the monoculture. Alfalfa associated with reed canarygrass 
in Pattern II had an 18$ greater mass than when grown in 
Pattern I. Alfalfa shoots in the summer of 1984 were taller 
(Table 1.7) and had a 65$ greater mass than the shoots in 1983. 
The dry matter yields of alfalfa leaves and stems above 30 
cm (tops) and below 30 cm (bottoms) for monocultures and binary 
mixtures are presented in Fig. 1.2. In the summer of 1983, 
some of the alfalfa leaves in the lower portion of the canopy 
were maintained through day 50. Although the yield of bottom 
leaves and stems was similar, the yield of alfalfa tops was 
five times greater in 1984 than 1983. 
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Grass component 
Grass yields in binary mixtures were directly related to 
the proportion of grass sown in each mixture. Insufficient 
moisture in the summer of 1984 prevented greater contribution 
from the grass component. During the summer of 1983, although 
orchardgrass tillers associated with alfalfa had a tendency to 
be taller and have a greater mass, there were no significant 
effects from alfalfa association (Table 1.8). In the summer of 
1984, the mass of reed canarygrass tillers in alfalfa mixtures 
was depressed (p<O.Ol). Orchardgrass tillers in alfalfa 
mixtures were taller (p<0.05), but tiller weight was not 
affected. 
SUMMARY AND CONCLUSIONS 
The yield potential of alfalfa was increased by grass 
association. Alfalfa yields in binary mixtures increased from 
15 to 6655 over monoculture yields when adjusted to an 
equal-area-basis. The effect was least for reed canarygrass 
and orchardgrass seeded in Pattern I. The effect was greatest 
for reed canarygrass and seeding Pattern II. Decreased 
interspecific competition by increasing the distance between 
alfalfa rows may account for some of the increased yield. The 
increase in adjusted alfalfa yield was not enough to conpensate 
for the substitution of the lower yielding grasses. A greater 
mass for alfalfa shoots associated with reed canarygrass was 
observed during the two summer growth periods. Shoot height 
was unaffected by grass association. 
Alfalfa monocultures and alfalfa-grass mixtures 
significantly outyielded grass monocultures during both spring 
and summer growth periods. Alfalfa-grass mixtures outyielded 
alfalfa monocultures during only one of the two spring growth 
periods when the grasses made a major contribution to the total 
yield. When grass production was limited by insufficient 
moisture (spring of 1985) or not able to obtain maximum growth 
potential (during the summer), alfalfa monocultures 
significantly outyielded alfalfa-grass mixtures. Alfalfa 
associated with the more productive reed canarygrass produced 
the greatest mixture yields. 
During the spring, leaf mass on the lower portion of the 
alfalfa plant was reduced by leaf drop at 30 days of growth, 
leaving only stems. The production of top leaves and stems 
continued through day 50. During the summer, alfalfa shoots 
were shorter and maintained some of bottom leaves throughout 
the period. Although grass association had no effect on L:S 
ratio of the bottom portion of alfalfa plants, the L;S ratio of 
the alfalfa tops was significantly increased (p<0.05) by grass 
association. During the spring, orchardgrass association 
increased L;S ratio more than reed canarygrass; in the summer, 
species had no effect. 
Reed canarygrass significantly outyielded orchardgrass 
during both spring and summer growth. Grass yields in binary 
mixtures were directly related to the proportion of grass in 
the mixture. Adjusted grass yields of binary mixtures were not 
affected by alfalfa association even though there was a trend 
for increased tiller weights when associated with alfalfa. 
Poor grass establishment in Planting II contributed to a lower 
proportion of grass in the alfalfa-grass mixtures. 
48 
Table 1.1. Total dry matter yield of alfalfa, reed 
canarygrass, and orchardgrass and alfalfa-reed 
canarygrass and alfalfa-orchardgrass mixtures 














ha""* — — - — 
AAA 10 0.72 1.35 0.89 2.32 
20 1 .71 2.79 2.77 4.66 
30 3.03 3.86 4.26 6.38 
40 2.67 5.92 4.56 7.11 
50 2.97 5.44 4.14 7.99 
RRR 10 0.34 1.24 0.23 1.41 
20 0.61 3.22 1.24 3.26 
30 2.11 4.69 2.17 5.18 
40 1.95 5.96 2.64 6.05 
50 3.18 8.98 3.05 6.81 
000 10 0.27 0.72 0.27 0.68 
20 0.74 1.84 0.87 1.79 
30 1.99 2.92 1.38 3.77 
40 1 .20 4.81 1 .63 3.15 
50 1.97 4.66 1.71 4.02 
ARA 10 0.26 2.02 0.67 3.00 
20 1.34 3.56 2.30 3.85 
30 3.09 5.33 3.88 4.92 
40 2.37 6.77 4.20 6.92 
50 3.01 8.18 3.78 6.88 
ADA 10 0.25 1 .20 0.80 2.71 
20 1.25 2.66 2.52 5.01 
30 2.84 4.43 3.95 5.59 
40 2.36 6.24 4.33 6.36 
50 3.12 6.45 3.83 7.54 
^A=alfalfa, R=reed canarygrass, and O=orchardgrass 
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Table 1.1 (Continued) 
Growth Period 
Treat- . Days of Summer Spring Summer Spring 
ment Growth 1983 1984 1984 1985 
Mg ha"1 
10 0.25 2.08 0.38 2.34 
20 1 .28 4.10 2.03 4.62 
30 2.80 4.90 3.29 5.93 
40 2.40 6.48 4.12 6.61 
50 3.13 9.03 3.65 7.45 
10 0.13 0.90 0.40 2.21 
20 0.89 2.31 1.94 3.90 
30 2.18 3.82 3.22 5.25 
40 1 .97 5.71 2.92 6.73 
50 2.63 6.13 3.45 7.83 
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Table 1.2. F-test values and significance of analysis of 
variance of total, alfalfa, and grass yields for 
alfalfa and grass monocultures and mixtures during 
spring and summer growth 
Total Alfalfa Grass 
Source df Yield df Yield df Yield 
Planting (P)^ 
Treatment (T) 
P X T° 
Harvest (H) 
P X 
P X T X H® 
Season (S) 
T X Sf 
H X S^ 
T X H X S^ 
P X T X H X S® 
1 169.06** 1 68.36** 1 10.74* 
5 3.98 + 4 335.27** 5 13.26** 
6 25.10** 4 0.25 5 8.71** 
4 320.82** 4 67.76** 4 33.34** 
24 1 .60 16 0.85 20 2.64* 
28 4.04** 20 5.41** 24 9.92** 
1 670.66** 1 415.50** 1 228.86** 
6 4.05** 4 6.56** 5 8.29** 
4 25.19** 4 18.70** 4 8.52** 
24 0.41 16 1.04 20 0.69 
35 4.01** 25 1.29 30 3.13** 
^Error Rep(P). 
^Error P x T. 
®Error Rep x T(P). 
^Error P x H x T. 
®Error H x T x Rep x P. 
^Error P x S x T x H. 
®Error P x T x Rep x H x S, C.V.=14, 19, 35% for total, 
alfalfa, and grass yields, respectively. 
, , Significance at the 0.10, 0.05» and 0.01 
probability levels, respectively in this and all subsequent 
tables. 
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Table 1.3. F-test values and significance of analysis of 
variance of dry matter yield of alfalfa 
and grass monocultures and mixtures 
Growth Period 
Summer Spring Summer Spring 
Source df 1985 1984 1984 1985 
Hreatment (T)^ 6 8.72** 25.27** 79.83** 72.02** 
2&3 vs. 
1,4,5,6,&7 1 28.55** 16.07** 395.90** 299.89** 
2 vs. 3 1 6.11* 59.68** 33.67** 177.91** 
1 vs.4»5»6&7 1 7.15* 15.78** 26.93** 9.10* 
4&6 VS. 5&7 1 4.14 56.50** 0.01 0.25 
4 vs. 6 1 0.05 0.38 5.14* 2.61 
5 vs. 7 1 6.28* 3.18 17.19** 2.29 
Error a (MSB) 12 (1963) (4204) (1081) (2198) 
Harvest (H) 4 309.13** 400.80** 576.12** 221.63** 
Linear (L) 1 209.64** 1595.08** 1879.52** 357.99** 
Residual 3 28.67** 2.72 142.89** 9.48** 
T x H 24 2.50** 3.98** 6.95** 2.03* 
T x L 6 2.00 7.76** 15.55** 2.59* 
Residual 18 0.63 2.72* 4.43** 1.37 
Error b (MSB) 56 (1911) (2697) (610) (3485) 
CV56 (Error a) 25 15 13 10 
CVJg (Error b) 15 12 8 12 
^Treatment 1=AAA, 2=RRR, 3=000, 4=ARA, 5=A0A, 6=RAR, and 
7=0A0, where A=alfalfa, R=reed canarygrass, and O=orchardgrass. 
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Table I.4 Adjusted alfalfa yield of binary mixtures 
expressed as a percentage of alfalfa monoculture 
yields 
Days of Growth 
Treatment^ 10 20 30 40 5C 
<£ 
Summer 1983 
ARA 49 95 119 109 100 
RAR 61 113 144 116 131 
AOA 38 76 105 91 94 
OAO 21 71 94 82 114 
Spring 1984 
ARA 154 94 115 107 91 
RAR 185 90 146 93 163 
AOA 104 • 81 132 113 126 
OAO 103 118 138 111 165 
Summer 1984 
ARA 110 120 132 136 132 
RAR 122 199 198 243 235 
AOA 131 131 134 136 137 
OAO 124 179 192 223 218 
Spring 1985 
ARA 143 101 110 144 113 
RAR 204 154 162 202 196 
AOA 132 108 107 113 122 
OAO 191 149 154 186 210 
^A=alfalfa, R=reed canarygrass, and O=orchardgrass. 
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Table 1.5. Leaf-to-stem ratios of alfalfa tops (above 30 cm) 
for alfalfa grown in monocultures and mixtures 
Days of Growth 
Treatment^ 10 20 30 40 50 
Summer ' 1983^ 
AAA 4.46 3.34 1.59 
ARA 4.62 3.98 1.77 
AOA 5.83 4.12 1.97 




5.40 4.67 2.72 
Spring 1984® 
AAA 2.52 1.47 1.11 0.68 
ARA 2.34 1.46 1.22 0.75 
AOA 2.76 1 .79 1.09 0.75 
RAR 2.45 1.58 1.00 0.86 
OAO 
— 
3.43 2.05 1 .28 0.95 
Summer 1984* 
AAA 3.12 1 .78 2.03 1.22 
ARA 3.67 2.12 1.94 1.36 
AOA 3.72 1 .94 2.20 1.52 
RAR 4.21 2.40 2.17 1.72 
OAO 5.09 2.41 2.37 1.72 
^A=alfalfa, R=reed canarygrass, and 0=orchardgrass. 
^Summer 1983 mean L;S of alfalfa bottoms for all 
treatments was 3.87, 2.26, 1.25, 0.85, and 0.28 for 10, 20, 30, 
40, and 50 days of growth, respectively. 
^Spring 1984 mean L;S of alfalfa bottoms for all 
treatments was 1.93, 0.52, 0.17, 0.01, and 0 for 10, 20, 30, 
40, and 50 days of growth, respectively. 
^Summer 1984 mean L:S of alfalfa bottoms for all 
treatments was 3.04, 0.66, 0.28, 0.20, and 0 for 10, 20, 30, 
40, and 50 days of growth, respectively. 
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Table 1.5. (Continued) 
Days of Growth 
Treatment 10 20 30 40 50 
Spring 1985® 
AAA 1 .56 1.11 0.88 0.73 
ARA 1 .94 1 .02 0.80 0.81 
AOA 1.92 1.11 1 .01 0.81 
RAR 2.07 1.01 1.15 0.78 
OAO 2.52 1.15 1 .20 0.91 
®Spring 1985 mean LtS of alfalfa bottoms for all 
treatments was 1.54» 0.20, 0.05, 0 and 0 for 10, 20, 30, 40, 
and 50 days of growth, respectively. 
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Table 1.6. F-test values and significance of analysis of 
variance for leaf-to-stem ratios of alfalfa tops 
(above 30 cm) for monocultures and mixtures 
Summer Spring Summer Spring 
Source df 1983^ 1984 1984 1985 • 
Treatment^ 4 2.18 6.13* 3.37+ 20.90** 
1 vs. 4»5>6&7 1 5.93* 3.38 6.02* 36.60** 
4&6 vs. 5&7 1 1.91 13.75** 0.87 17.00** 
4 vs. 6 1 0.56 0.05 1.86 10.70** 
5 vs. 7 1 0.21 8.13* 4.70 32.50** 
Error a (MSE) 8 (0.43) (0.08) (0.39) (0.01) 
Harvest (H) 3 149.50** 241.25** 97.60** 264.37** 
Linear (L) 1 310.29** 730.00** 237.71** 508.00** 
Residual 2 12.67** 23.25** 29.50** 63.00** 
T X H 12 2.65* 2.49* 1 .52 4.25** 
T X L 4 5.48** 24.50** 11.35** 16.50** 
Residual 8 4.01* 0.94 0.88 3.38** 
Error b (MSE) 30 (0.21) (0.04) (0.17) (0.02) 
CV % (error a) 18 18 26 9 
CV 56 (error b) 12 13 17 11 
^Summer 1983 df for H=2, T x H=8, and Error b=17. 
^1=AAA, 4=A.RA, 5=A0A, 6=RAR, and 7=0A0 where A=alfalfa, 
R=reed canarygrass, and O=orchardgrass. 
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Table 1.7. Average alfalfa shoot height and weight (20 most 
mature shoots) of treatments containing alfalfa 
Days of Growth 
Growth 
Period 1 0  20 30 40 50 
— cm 
Summer 1983^ — 28 33 36 36 
Spring 1984. 22 48 58 78 93 
Summer 1984 21 46 56 57 56 
Spring 1985 35 6l 71 61 95 
Summer 1983° — 6.9 10.0 13.3 15.5 
Spring 1984. 4.5 12.4 17.6 26.8 33.9 
Summer 1984 4.5 12.6 22.3 29.5 24.9 
Spring 1985 10.0 23.9 31.3 41.0 49.2 
g 20 shoots -1 
^Alfalfa associated with reed canarygrass was 
significantly taller (p<0-.0l) than alfalfa associated with 
orchardgrass. 
^Alfalfa associated with reed canarygrass was 
significantly taller (p<0.05) than alfalfa associated with 
orchardgrass. 
^Alfalfa associated with reed canarygrass had 
significantly greater mass (p<0.05) than alfalfa associated 
with orchardgrass. 
^Alfalfa associated with grass had a significantly greater 
mass (p<0.05) than the monoculture. Alfalfa associated with 
reed canarygrass had a significantly greater mass (p<0.05) than 
alfalfa associated with orchardgrass. 
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Table 1.8. Grass tiller height and weight (20 most mature 
tillers) as affected by alfalfa association at 
fifty days of growth 
Growth Period 
Summer Spring Summer Spring 
Treatment* 1983 1984 1984 1985 
cm 
RRR 52 125 46° 98 
•ARA 55 125 45 94 
RAR 53 120 41 106 
000 51 89 36 59 
AOA 64 90 48 83 
OAO 63 96 48 83 
*A=alfalfa, R=reed canarygrass and O=orchardgrass. 
^Reed canarygrass tillers were taller (p<O.Ol) than 
orchardgrass tillers. Orchardgrass tillers associated with 
alfalfa were taller than the tillers in monoculture. 
^Orchardgrass tillers associated with alfalfa were taller 
(p<0.01) than tillers in monocultures. 
'^Reed canarygrass tillers were taller (p<0.0l) than 
orchardgrass tillers. Orchardgrass tillers associated with 
alfalfa were taller (p<0.0l) than tillers in monoculture. 
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Table 1.8 (Continued) 
Growth Period 
Summer Spring Summer Spring 
Treatment 1985 1984 1984 1985 
g 20 shoots"'' 
RRR 9.7® 39.5- 7.7 35.2®® 
ARA 11.2 48.8 4.0 50.0 
RAR 9.9 40.7 4.3 49.2 
000 5.6 22.4 3.4 9.3 
AOA 8.0 25.8 3.9 34.0 
OAO 8.8 24.6 4.2 22.7 
®Reed canarygrass tillers had a greater mass (p<0.05) than 
orchardgrass tillers. 
f Reed canarygrass tillers in monoculture had a greater 
mass (p<0.01) than those associated with alfalfa. 
®Reed canarygrass and orchardgrass tillers associated with 
alfalfa had a greater mass (p<0.05) than monoculture tillers. 
Figure 1.1. Dry matter yields of alfalfa leaves and stems 
above 30-cm (top) and below 30-cm (bottom) 
in monocultures and mixtures with grasses 
during spring growth (A=alfalfa, R=reed 
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DAYS OF GROWTH 
Figure 1.2. Dry matter yields of alfalfa leaves and stems 
above 30-cm (top) and below 30-cm (bottom) 
in monocultures and mixtures with grasses 
during summer growth (A=alfalfa, R=reed 




















































DAYS OF REGROWTH 
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PART II. DIGESTIBILITY AND CHEMICAL COMPOSITION OF CANOPY 
COMPONENTS IN ALFALFA-GRASS MIXTURES DURING SPRING 
AND SUMMER GROWTH 
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INTRODUCTION 
Herbage is a mixture of different plants and plant parts 
differing in digestibility and chemical composition. Legumes 
and grasses have large inherent differences that affect their 
digestibility and chemical composition. Alfalfa has a greater 
concentration of cell solubles and a lesser concentration of 
cell walls (CW) than grasses. Lignin concentrations are 
greater and hemicellulose concentrations are smaller in alfalfa 
compared with grasses. Cellulose concentrations in alfalfa and 
grasses are similar (Waldo and Jorgensen, 1981; Van Soest, 
1982). Temperate forage species which are short and leafy have 
marked differences in digestibility and chemical composition, 
compared with species which are very stemmy (Blaser et al., 
1977) .  
Terry and Tilley (1964) suggested that the digestibility 
of a forage crop can be best interpreted in terms of the 
proportion and digestibilities of its component parts. 
Digestibility values of alfalfa leaves decline only slightly as 
the plant matures (Terry and Tilley, 1964;  Mowat et al., 1965;  
Wilman and Altimimi, 1984; and Buxton et al., 1985). In 
contrast, alfalfa stems are very digestible early in the 
season, but decline rapidly with maturation (Mowat et al., 
1965). The nitrogen (N) concentration among alfalfa plant 
parts is also highly variable. Mowat et al. (1965) and Buxton 
et al. (1985) reported that N concentrations in leaves and 
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stems decline at nearly the same rates with advancing maturity. 
In recent work, Buxton and Hornstein (1986) reported that CW 
concentrations of alfalfa leaves and stems increase with 
advancing maturity. 
The evaluation of individual segments of an alfalfa canopy 
has been reported by several investigators (Terry and Tilley, 
1964; Christian et al., 1970; Smith, 1970; Woodward and Sheehy, 
1979; Wilman and Altimimi, 1984» Buxton et al., 1985; Buxton 
and Hornstein, 1986). Little variation in the digestibility of 
alfalfa leaves occurs within the canopy. The digestibility of 
alfalfa stems progressively increases from the bottom to the 
top of the canopy (Buxton et al., 1985). Smith (1970) observed 
that the N concentration of alfalfa stem segments progressively 
increases with increasing height. Woodward and Sheehy (1979) 
and Wilman and Altimimi (1984) also reported a decrease in N 
concentration in alfalfa leaves from the top to the bottom of 
the canopy. Buxton and Hornstein (1986), evaluating the CW 
concentration of alfalfa canopy components, observed that the 
CW concentration was greatest for the stem bases and least for 
the leaves. Although acid detergent lignin (ADL) concentration 
increases with advancing maturity, Van Soest (1932) suggested 
that lignin concentration expressed on a CW basis is similar 
for legume plant parts. 
The effect of alfalfa association on cool-season grass 
production has been reported by several authors, Tewari and 
Schmid (i960) observed a direct relationship between grass N 
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concentration and the amount of alfalfa in the stand. Kilcher 
and Heinrichs (1971) observed that the N concentration of grass 
decreased as the distance between alfalfa and grass rows 
increased. Increased N concentrations in grasses associated 
with alfalfa have been observed by several other authors 
(Johnson and Nichols, 1969; Dubbs, 1971; Craig et al., 1981; 
Barnett and Posler, 1983; Sollenberger et al., 1984b). Krueger 
and Scholl (1970) reported increased CW and lignin 
concentrations for orchardgrass and reed canarygrass associated 
with alfalfa as compared to unfertilized controls. 
Napitupulu and Smith (1979) evaluated the digestibility 
and chemical composition of different proportions of alfalfa 
and orchardgrass that had been grown in pure stands. They 
concluded that as the proportion of alfalfa in the mixture 
decreased, the concentration of constituents important for 
animal nutrition also decreased and the fibrous constituents 
increased. They failed to address the issue that the 
digestibility and chemical composition of alfalfa and grasses 
in mixtures may be different than pure stands. 
A better understanding of the changes in digestibility and 
chemical composition of each species and component parts of the 
plants in binary mixtures is needed. Thus, the objectives of 
this study were to: 1) evaluate the digestibility and chemical 
composition of alfalfa and grasses in monocultures and binary 
mixtures during spring and summer growth, 2) quantify any 
changes in the digestibility and chemical composition of 
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alfalfa plant parts resulting from association with cool-season 
grasses. 
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MATERIALS AND METHODS 
'Advantage* alfalfa (Medieago sativa L.), an upright hay 
type, was established at two seeding densities with two 
differing grasses. 'Palaton*, a low-alkaloid reed canarygrass 
(Phalaris arundinacea L.), is a tall, sod-forming, cool-season 
grass. 'Orion' orchardgrass (Dactylis glomerata L.) is a 
vigorous, upright-growing bunch grass. Monocultures of each 
species and alfalfa-grass mixtures were sampled for 30-day 
periods during spring growth and summer regrowth. 
Site Characteristics 
An experimental site at the Iowa State University Agronomy 
and Agricultural Engineering Research Center near Ames was used 
for this study. The planting was established 29 April 1983 on 
a Canesteo silty clay loam [fine-loamy, mixed (calcareous), 
mesic Typic Haplaquoll] (Fig. A1). Initial growth was removed 
on 14 July 1935 to facilitate regrowth sampling over five, 
10-day intervals beginning 25 July and continuing through 5 
September (Table A1). Spring growth was sampled for five, 
10-day intervals beginning 11 May 1984. 
Initial soil tests revealed that this site had a pH of 
8.0, with available P and K levels of 108 and 257 kg ha ^, 
respectively. Fall fertilization of P and K was based on soil 
test recommendations. A maintenance level of 50 kg ha~ of N 
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was applied to all treatments 10 days before the first harvest 
to minimize N deficiency of grasses in binary mixtures. 
Experimental Design and Forage Sampling 
The species were planted with one-row hand seeders in 
10-cm rows in 3.7- by 8-m plots. Monocultures of each species 
were established at seeding rates of 15» 10, and 10 kg ha""* for 
alfalfa, reed canarygrass, and orchardgrass, respectively. 
Binary mixtures of alfalfa and the two grasses were established 
in two repeating planting patterns: 
I. One row of grass bordered by a row of alfalfa on 
each side (10 kg ha""* alfalfa seed and 3.3 kg 
ha"'' of grass seed). Binary mixtures planted 
with Pattern I are referred to as ARA for 
alfalfa-reed caharygrass-alfalfa and AOA for 
alfalfa-orchardgrass-alfalfa. 
II. One row of alfalfa bordered by a row of grass on 
each side (5 kg ha"^ alfalfa seed and 6.7 kg 
ha"'' grass seed). Binary mixtures planted with 
Pattern II are referred to as RAR for reed 
canarygrass-alfalfa-reed canarygrass and OAO for 
orchardgrass-alfalfa-orchardgrass. 
Monocultures of alfalfa, reed canarygrass, and orchardgrass are 
referred to as AAA, RRR, and 000, respectively. To avoid 
within-row differences in plant density, uniform seeding rates 
were used for both monocultures and binary mixtures. 
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During the spring growth cycle, the grass component 
averaged 44 (ARA), 27 (ADA), 64 (RAR), and 54$ (OAO) of the 
total yield on a 'vj weight basis. During the summer growth 
cycle, the grass component averaged 21 (ARA), 31 (AOA), 49 
(RAR), and 59% (OAO) of the total yield. 
Seven treatments, consisting of three monocultures and 
four binary mixtures, were replicated three times in a split 
plot design. Each treatment was split into five, 10-day 
harvest intervals. At each harvest date, three randomly 
assigned 0.6- by 1.0-m harvest quadrats were hand harvested 
for: 1) total herbage sample, 2) separated alfalfa and grass 
samples and 3) stratified alfalfa samples from each plot. All 
plots were cut to a 5-cm height. The alfalfa samples were 
stratified into alfalfa bottoms from 5 to 30 cm and alfalfa 
tops above 30 cm using a canopy stratification cage (Fig. A4). 
Twenty-five alfalfa stems were selected at random from each 
stratum and were separated into leaf and stem fractions. From 
these samples, leaf-to-stem ratios were calculated and 
laboratory analyses made. All samples were dried in a 
forced-draft oven at 60°C for 48 hours. 
The mean phenological stage of development for each grass 
monoculture plot was determined according to the procedure of 
Simon and Park (1983). For reed canarygrass, phenological 
development values in the spring were 23, 38, 47, 60, and 85 
for 10, 20, 30, 40, and 50 days of growth, respectively (Table 
A4). Phenological development values for orchardgrass in the 
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spring of 1984 were 23, 29, 34, 59, and 53 for the five, 10-day 
growth periods, respectively. Phenological development data 
were not taken during the summer growth period of 1983 as both 
orchardgrass and reed canarygrass remained in a vegetative 
state. Mean phenological stage of development for alfalfa was 
determined for the monoculture plots according to Kalu and Pick 
(1981). The average phenological development values of alfalfa 
during spring growth were 1.0, 2.4, 2.8, 3.6, and 5.3 for 10, 
20, 30, 40, and 50 days of growth, respectively. Phenological 
development were not recorded for alfalfa during the summer 
1983 growth period. 
Laboratory Analyses 
Laboratory analyses were made on total herbage, separated 
alfalfa and grass samples, alfalfa tops, and stratified alfalfa 
leaf and stem samples. The procedure outlined by Marten and 
Barnes (1979) was used to evaluate in vitro digestible dry 
matter (IVDDM). Cell wall concentration was estimated by the 
neutral detergent fiber (NDF) procedure (Goering and Van Soest, 
1970). Cell wall lignin (CWL) is reported as the concentration 
of acid detergent lignin (ADL) per kg of CW (Goering and Van 
Soest, 1970). Nitrogen concentration was determined using the 
procedure described by Bremner and Brietenbeck (1983). 
Climatological Data 
During the establishment period (May and June 1983), total 
rainfall was 397 mm (148 mm above normal) and the mean daily 
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temperature was 18 °C. During the summer growth period, total 
precipitation was 204 mm (18 mm above normal) and temperatures 
averaged 25.5 "c (2.8 °C above normal). In May and June 1984, 
total precipitation was 296 mm (55 mm above normal) and mean 
daily temperatures averaged 18 °C, which.was normal (Tables A2 
and A3). 
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RESULTS AND DISCUSSION 
Total Herbage 
The IVDDM, CW, CWL, and N concentrations for alfalfa, 
grass, and alfalfa-grass mixtures during spring and summer 
growth are given in Table II.1. Overall, comparing the IVDDM 
and N concentrations of alfalfa and alfalfa-grass mixtures to 
the corresponding values of grass monocultures, alfalfa and 
alfalfa-grass mixtures averaged 756 higher in IVDDM and 22% 
higher in N concentrations over both spring and summer growth. 
Grass monocultures had 28$ greater CW concentration, but the 
alfalfa and alfalfa-grass mixtures averaged 102$ greater 
concentration of CWL. Orchardgrass monocultures maintained 
higher IVDDM and lower CW concentration than reed canarygrass. 
As the proportion of grass in binary mixtures increased, IVDDM 
and N concentrations decreased while CW concentration 
increased. Cell wall lignin decreased as the proportion of 
grass in the mixture increased. A highly significant linear 
response to harvest date was observed for all variables (Table 
II.2) . 
Significant differences in the digestibility and chemical 
composition of forages grown in the spring and summer and 
significant harvest by season interactions were observed. In 
vitro digestible dry matter and CW concentrations averaged 
higher during the spring while CWL and N concentrations were 
higher during the summer. The IVDDM and N concentrations of 
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monocultures and mixtures during spring growth were initially 
higher, but decreased more rapidly with time than did the 
summer growth. Cell wall concentration during the spring was 
lower initially, but increased more rapidly than during the 
summer period. The forage initially had a lower CWL 
concentration in the spring, increasing more rapidly than the 
summer growth with time, although concentrations never reached 
that of the summer forage. The composition of alfalfa and 
grasses in this study reflected the environment in which they 
were grown. More rapid phenological development was observed 
for alfalfa in the spring than the summer. Reproductive 
development was observed for both grasses in the spring, but 
not the summer. 
Alfalfa Component 
In vitro digestible dry matter and chemical analyses were 
determined on the alfalfa samples from monoculture and alfalfa 
samples from alfalfa-grass mixtures to determine the effect of 
grass association. Mean values for IVDDM and chemical 
composition of alfalfa grown in monoculture and in mixtures 
with grasses during spring and summer growth are given in Table 
II.3. Analysis of variance revealed that the cool-season grass 
association had no effect on the digestibility or chemical 
composition of alfalfa (Table II.4)« Highly significant linear 
effects of harvest were observed, as IVDDM and N concentrations 
decreased and CW and CWL concentrations increased with time. 
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Significant seasonal effects and season by harvest 
interactions were found. The average IVDDM and N 
concentrations were higher during the summer than the spring 
growth, while CW concentrations were lower. Alfalfa IVDDM and 
N concentrations initially were higher in the spring, but 
decreased more rapidly than did the summer growth when 
phenological development was slower. Cell wall concentration 
increased more rapidly during the spring growth. Although CWL 
was initially lower during spring growth and increased rapidly 
with time, it did not reach the concentrations shown in alfalfa 
of summer growth. 
During spring growth, all the leaves in the lower portion 
of the alfalfa plant (below 30 cm) had dropped to the ground by 
30 days of growth. A small proportion of the bottom leaves 
were retained on the lower stem throughout the summer growing 
period. 
Alfalfa Plant Parts 
The mean IVDDM, CW, CWL, and N concentrations of alfalfa 
tops in monoculture and alfalfa-grass mixtures during the 
spring and summer are given in Table II.5. In vitro digestible 
dry matter and N concentrations of alfalfa tops decreased more 
rapidly in the spring than the summer. Forage CW and CWL 
concentrations increased more rapidly in the spring growth 
compared with summer. The CW concentrations of alfalfa tops 
grown in binary mixtures averaged 11 and 19 g kg"^ lower 
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(p<0.05) than monoculture alfalfa tops during spring and summer 
growth, respectively. This would be expected with the higher 
leaf-to-stem ratio obverved for alfalfa tops grown in binary 
mixtures. The I7DDH, CHL, and N concentrations of alfalfa tops 
were not significantly affected by grass associations. 
The mean IVDDM, CW, CWL, and N concentrations for alfalfa 
top and bottom leaves during spring and summer growth are 
presented in Fig. II.1 Cool-season grass association had no 
effect on the digestibility or chemical constituents of alfalfa 
leaves (Table II.6). With time, the digestibility of leaves 
decreased slightly as the CW concentration increased. A more 
pronounced decrease in N concentration was observed. Cell wall 
lignin concentration varied only slightly. Leaves from the top 
stratum tended to have higher IVDDM and N concentrations, but 
lower CW and CWL concentrations. Significant season effects 
were observed, the N concentration decreased more rapidly, and 
the CW concentration increased more rapidly during the spring 
growth. 
Considered over the sampling period, changes in alfalfa 
stem digestibility and chemical composition were much greater 
than they were for leaves (Fig. II.2). Differences between 
stem bottoms and stem tops were also much more pronounced. 
Stem tops were higher in IVDDM and N concentrations, and lower 
in CW and CWL concentrations than stem bottoms. The 
association of cool-season grasses had no effect on 
digestibility and chemical composition of alfalfa stems (Table 
II.6). Significant effects resulting from harvest dates were 
observed, IVDDM and N concentrations decreased and CW and CWL 
concentrations increased with time. Considering spring versus 
summer growth, the I7DDM concentrations of stem bottoms did not 
vary. The N and CWL concentrations of the stem bottoms were 
lower during spring growth; however, the CW concentration was 
higher. The IVDDM and N concentrations of alfalfa stem tops 
were higher during summer growth, while CW concentration was 
lower. 
Grass Component 
The IVDDM, CW, CWL, and N concentrations of reed 
canarygrass and orchardgrass grown alone and with alfalfa are 
given in Table II.7. Overall, orchardgrass averaged 5$ higher 
IVDDM and 4/6 lower CW concentrations than did reed canarygrass. 
Reed canarygrass averaged 13/S greater CWL concentration. The 
IVDDM concentration of reed canarygrass significantly increased 
(p<0.01) and the CW concentration significantly decreased 
(p<O.Ol) as the proportion of alfalfa in the mixture increased 
(Table II.8). Although not significant, the same trends were 
observed for orchardgrass. As the proportion of alfalfa in the 
mixture increased, the N concentration of both grasses also 
increased (p<0.01). The N concentration of grass next to a 
single row of alfalfa was 11^ higher; the grass between two 
rows of alfalfa was 20S6 higher than the monoculture value. A 
highly significant linear response to time of harvest was 
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observed for all variables, indicating that the development of 
the grasses significantly affected the digestibility and 
chemical composition. 
Regarding growth cycles, IVDDM and CW concentrations 
averaged higher in the spring, whereas CWL and N concentrations 
averaged higher in the summer. Significant harvest by season 
interactions were also observed and are likely explained by the 
fact that IVDDM and N concentrations were initially higher in 
the spring, but decreased more rapidly than during summer 
growth. Although CW concentrations were initially lower in the 
spring, the concentration increased more rapidly than during 
summer growth. Cell wall lignin concentration was initially 
lower and increased more rapidly in the spring as compared to 
the summer growth. 
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SUMMARY AND CONCLUSIONS 
Alfalfa and alfalfa-grass mixtures were higher in I7DDM 
and N concentrations, but lower in CW concentration during both 
spring and summer growth periods than were grass monocultures. 
Alfalfa and alfalfa-grass mixtures contained twice the 
concentration of CWL as did grass monocultures. Their 
differences are in the order of those reported by Van Soest 
(1982). 
In this study, as the proportion of grass in the mixtures 
increased, IVDDM and N concentrations of the total herbage 
decreased while CW content increased. Using a CW concentration 
value of 360 g kg"^ DM as suggested by Mertens (1983) for 
optimum production by dairy cows, in this study by 30 days of 
growth in the spring, the CW concentration of alfalfa was 423 g 
kg""' DM, while the grasses and alfalfa-grass mixtures were 
significantly above that level. The CW concentration of 
summer-grown alfalfa did not exceed that level until 40 or more 
days of growth. Harvesting only alfalfa tops (above 30 cm) at 
30 days of growth in the spring reduced CW concentration by 68% 
to 281 g kg"^ DM. During the summer, alfalfa tops remained 
below 360 g kg""* of CW through day 50. It is evident that the 
use of alfalfa in monoculture or with lesser amounts of grass 
is of benefit when this forage is to be fed to dairy cows. 
Cool-season grass association, i.e., whether grown with 
either orchardgrass or reed canarygrass, had no effect on the 
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digestibility or chemical composition of the alfalfa component 
on a total herbage basis. Alfalfa IVDDM and N concentrations 
which were initially highest in the spring, decreased more 
rapidly than for summer-grown forage. Cell wall concentration 
of alfalfa increased more rapidly during spring growth than 
summer growth. The IVDDM, CW, and N values reported herein are 
slightly higher than those reported by Buxton et al. (1985) and 
Buxton and Hornstein (1986). Cell wall lignin values on a 
total herbage basis were similar. 
In vitro digestible dry matter and chemical composition of 
stratified alfalfa leaves and stems were not affected by 
cool-season grass association. Similar to Woodward and Sheehy 
(1979) and Wilman and Altimimi (1984), top leaves had higher 
digestibility and N concentration than the lower leaves. Cell 
wall concentration of the bottom leaves was the greatest as 
compared to top leaves or summer-grown top or bottom leaves. 
As suggested by Tan Soest (1982), CWL was mostly stable in 
alfalfa with respect to season and plant parts. 
The changes in IVDDM and composition of alfalfa stems were 
much greater than for the leaves. Large differences were also 
observed between top and bottom stems. Stem tops were more 
digestible, had a higher N concentration, and lower CW 
concentration than the stem bottoms. 
Orchardgrass was 5$ more digestible and contained 4^ less 
CW than reed canarygrass. The IVDDM concentration was 
significantly (p<0.01) increased and the CW concentration 
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significantly decreased (p<O.Ol) for reed canarygrass 
associated with alfalfa as compared to monoculture. Although 
not significant, the same trend was observed for orchardgrass. 
The N concentration of grasses grown next to a single row of 
alfalfa was 1156 higher while grass grown between two rows of 
alfalfa was 20% higher as compared to monocultures. 
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Table II.1. In vitro digestible dry matter and chemical 
composition of alfalfa, grass, and alfalfa-grass 
mixtures during spring and summer growth 
Days of Growth 
Vari- Treat­






AAA 818 775 694 640 552 
RRR 773 713 656 543 440 
000 762 739 718 622 561 
ARA 793 748 679 547 507 
AOA 791 766 717 636 570 
RAR 789 726 672 565 500 
OAO 796 758 714 636 580 
AAA 235 326 423 500 571 
RRR 467 564 642 715 751 
000 451 533 512 619 633 
ARA 343 444 521 635 683 
AOA 303 369 444 560 589 
RAR 354 511 549 621 691 
OAO 358 422 473 549 624 
AAA 121 129 149 146 152 
RRR 30 33 44 63 71 
000 33 26 48 48 53 
ARA 56 83 96 97 110 
AOA 107 101 116 104 136 
RAR 67 49 81 103 87 
OAO 62 78 76 84 96 
^A=alfalfa, R=reed canarygrass, and O=orchardgrass. 
^In vitro digestible dry matter. 
®Cell wall. 
^Cell wall lignin. 
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Table II.1. (Continued) 
Days of Growth 
Vari- Treat­





AAA 56.1 40.9 31.0 28.1 26.8 
RRR 43.5 32.2 20.4 15.1 11.5 
000 48.2 28.5 20.2 15.6 13.0 
ARA 48.8 36.7 28.5 20.4 20.0 
AOA 51 .0 40.5 32.9 26.0 24.6 
RAR 48.1 35.6 26.7 21 .8 17.8 
OAO 50.0 36.0 29.3 22.4 22.7 
Summer 
AAA 720 724 709 668 640 
RRR 514 674 666 614 584 
000 600 672 652 619 616 
ARA 756 745 687 649 630 
AOA 744 741 695 666 636 
RRR 686 692 . 670 627 594 
AOA 716 712 688 649 630 
AAA 312 310 400 429 608 
RRR 608 464 508 541 576 
000 626 529 527 543 551 
ARA 279 318 397 442 479 
AOA 328 354 403 416 467 
RAR 382 405 462 472 529 
OAO 427 414 429 464 476 
AAA 161 149 147 169 171 
RRR 73 56 52 76 76 
000 52 45 54 71 69 
ARA 124 108 130 132 124 
AOA 108 107 119 131 122 
RAR 121 93 89 101 95 
OAO 78 82 86 102 96 
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Table II.1. (Continued) 
Days of Growth 
Vari- Treat­
able ment 10 20 30 40 50 
g kg""* 
Nitrogen AAA 45.4 47.9 35-3 35.8 28.1 
RRR 28.2 49.0 36.4 33.8 32.4 
000 26.1 42.1 34.2 36.2 37.6 
ARA 51.7 50.2 37.9 36.1 37.4 
AOA 49.1 46.1 35.9 37.5 38.0 
RAR 44.6 46.5 34.5 36.6 33.8 
OAO 45.4 46.8 37.2 37.6 39.0 
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Table II.2. F-values and significance of analysis of variance 
of in vitro digestible dry matter and chemical 
composition of alfalfa and grass monocultures and 
mixtures during spring and summer growth 
Source df IVDDM* CtfL® Nitrogen 
Treatment (T)^ 6 54.28** 7.45** 135.54** 40.15** 
2&3 vs. 1,4, 
5,6,&7 1 185.68** 309.41** 496.92** 210.00** 
2 vs. 3 1 49.61** 6.94* 3.34 0.01 
1 vs. 4,5>6&7 1 14.84** 60.10** 240.87** 7.78* 
4&6 vs. 5&7 1 56.69** 15.11** 0.40 10.85** 
4 vs. 6 1 16.48** 13.53** 18.09** 7.65* 
5 vs. 7 1 2.39 11.63** 53.60** 4.69 
Error a (MSE) 12 (444) (2094) (0.26) (9.31) 
Harvest (H) 4 361.28** 298.92** 42.07** 505.23** 
Linear (L) 1 1356.77** 1189.79** 146.70** 46.54** 
Residual 3 29.37** 2.50 7.73** 65.38** 
T X H 24 4.11** 7.45** 1.82* 4.81** 
T X L 6 9.06** 24.29** 1 .42 7.53** 
Residual 18 2.46** 1.85 1.98* 3.96** 
Error b (MSE) 56 (557) (801 ) (0.10) (5.25) 
Season (S) 1 4.24* 187.00** 59.57** 475.32** 
T X S 6 11.62** 13.00** 2.27* 7.37** 
a X S 4 138.52** 58.24** 4.30** 117.49** 
T X H X s 24 5.20** 1.32 .80 4.32** 
Error c (MSE) 70 (451) (1271) (0.29) (8.61) 
CV56 error a 3 10 17 9 
CVS6 error b 4 6 11 7 
CV56 error c 3 7 18 8 
^In vitro digestible dry matter. 
^Cell wall. 
^'Cell wall lignin. 
'^IsAAA, 2=RRR, 3=000, 4=ARÂ, 5=A0A, 6=RRR, and 7=0A0, 
where A=alfalfa, R=reed canarygrass, and O=orchardgrass. 
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Table II.3. Mean in vitro digestible dry matter and chemical 
composition of alfalfa grown in monoculture and in 
grass mixtures during spring and summer growth 
Days of Growth 
Variable 10 20 30 40 50 
S kg"'' 
Spring 
ITDDM* 819 766 695 637 564 
cwG 238 333 416 485 561 
CWL® 116 133 153 155 164 
Nitrogen 53.6 38.6 31.5 29.1 25.8 
Summer 
IVDDH 734 750 713 674 653 
CW 279 283 338 372 410 
CWL 168 152 150 172 169 
Nitrogen 47.0 50.4 37.1 37.0 37.8 
^In vitro digestible dry matter. 
^Cell wall. 
®Cell wall lignin. 
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Table II.4* F-values and significance of analysis of variance 
of the in vitro digestible dry matter and chemical 
composition of alfalfa in monocultures and in 
mixtures with grass during spring and summer 
growth 
Source df I7DDM* CW» CWL° Nitrogen 
Treatment (T)^ 4 1.17 2.42 1.55 0.40 
1 vs. 4,5,6&7 1 3.09 7.38* 2.80 1.00 
4&6 vs. 5&7 1 0.08 0.29 1.36 0.07 
4 vs. 6 1 0.11 0.01 1.12 0:49 
5 vs. 7 1 0.12 1.00 0.76 0.12 
Error a (MSB) 8 (482) (1353) (0.15) (10.6) 
Harvest (H) 4 320.45** 349.81** 29.40** 450.02** 
Linear (L) 1 1245.81** 1447.84** 92.42** 1574.89** 
Residual 3 3.79* 3.61* 2.40 72.89** 
T X H 16 1.17 1.19 0.44 0.85 
T X L 4 1 .98 1.99 0.26 1.63 
Residual 12 0.87 0.96 0.41 0.51 
Error b (MSE) 40 (463) (699) (0.13) (4.50) 
Season (S) 1 5.19* 206.88** 100.93** 243.64** 
T X S 4 0.92 2.43 1.34 3.60* 
H X S 4 62'. 03** 49.04** 27.73** 76.73** 
T X H X S 16 0.48 0.57 1 .82 0.87 
Error c 49 (499) (854) (0.12) (5.68) 
CV^ (error a) 3 10 8 8 
01% (error b) 3 7 7 5 
C7$ (error c) 3 8 7 6 
^In vitro digestible dry matter. 
^Cell wall. 
®Cell wall lignin. 
^1=AAA, 4=A.RA, 5=A0A, 6=RAR, and 7=0A0, where A=alfalfa, 
R=reed canarygrass, and O=orchardgrass. 
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Table II.5. Mean in vitro digestible dry matter and chemical 
composition of alfalfa tops (above 30 cm) grown in 
monoculture and in grass mixtures during spring 
and summer growth 
Days of Growth 
Variable 1 0  20 30 40 50 





































In vitro digestible dry matter. 
^Cell wall. 
g kg~^ higher (p<0.05) than alfalfa tops in binary mixtures. 
^Cell wall lignin. 
®CW concentration of alfalfa monoculture tops averaged 19 
g kg" higher (p<0.05) than alfalfa tops in binary mixtures. 
CW concentration of alfalfa monoculture tops averaged 11 
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Table II.6. F-values and significance of analysis of variance 
of the in vitro digestible dry matter and 
composition of alfalfa plant parts grown in 
monoculture and in alfalfa-grass mixtures during 
spring and summer growth 
Source df IVDDM^ cw^ CWL® Nitrogen 
Bottom Leaves^ 
Treatment (T) 4 2.65 2.22 1.50 2.67 
Error a (MSE) 8 (85.1) (162) (0.45) (2.83) 
Harvest (H) 4 56.18** 65.96** 3.30* 386.90** 
T X H 16 0.59 0.76 0.65 2.26 
Error b (MSE) 39 (139) (137) (0.32) (4.46) 
Season (S) 1 32.01** — —  — —  369.06** 
T X S 4 0.77 — —  — —  1.13 
H X S 1 31.80** — —  — —  39.45** 
T X H X S 4 1.72 —  —  —  —  0.55 
Error c (MSE) 20 (121) — —  — —  (5.51) 
CVSê error c 1.4 — — 4.9 
®In vitro digestible dry matter, 
^Cell wall. 
°Cell wall lignin. 
^Total number of observations for IVDDM, CW, CWL and N 
were 104, 61, 66, and 102, respectively. 
Table II.6. (Continued) 
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Source df IVDDM CW CWL Nitrogen 
Stem Bottoms 
Treatment (T) 4 0.77 4.23*^ 0.79 0.55 
Error a (HSE) 8 (998) (483) (0.31) (6.68) 
Harvest (H) 4 662.56** 112.75** 5.42** 430.39** 
T X H 16 1.33 0.97 0.82 1 .60 
Error b (MSE) 4 (625) (939) (0.53) (4.22) 
Season (S) 1 3.41 228.15** 71.31** 169.02** 
T X S 4 2.08 1.74 3.26* 2.16 
H X S 3 3.01* 5.00** 1.37 12.76** 
T X H X S 12 1.56 0.57 0.46 1.00 
Error c (MSE) 38 (675) (450) (0.10) (3.74) 
CVSê error c 4.6 3.4 5.9 00
 
Top Leaves® 
Treatment (T) 4 
Error a (MSB) 8 
Harvest (H) 3 
T X H 12 
Error b (HSE) 30 
Season (S) 1 
T X S 4 
H X S 2 
T X H X S 8 
Error c (MSE) 25 























®Total number of observations for IVDDM, CW, CWL and N 
were 133» 106, 106, and 134» respectively. 
f No significant orthogonal comparisons were found. 
®Total number of observations for IVDDM, CW, CWL, and N 
were 100, 99, 98, and 100, respectively. 
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Table II.6. (Continued) 
Source df IVDDM CW CWL Nitrogen 
Stem Tops^ 
Treatment (T) 
Error a (MSE) 
Harvest (H) 
T X H 
Error b (MSE) 
Season (S) 
T X S 
H X S 
T X H X S 









































CV$ error c 4.7 2.7 7.3 13.6 
^Total number of 
were 101, 64, 66, and 
observations for IVDDM 
95, respectively. 
, CW, CWL , and N 
^Alfalfa stem tops in RAR averaged 25 g kg"^ higher than 
ARA. 
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Table II.7. In vitro digestible dry matter and chemical 
composition of grasses grown in monoculture and in 
mixtures with alfalfa 




ment® 10 20 30 40 50 
•g kg"""-
Spring 
IVDDM^ RRR 773 713 656 543 440 
ARA 814 773 687 553 451 
EAR 775 716 673 535 456 
000 762 739 718 622 561 
AOA 772 728 734 659 548 
OAO 809 736 718 616 556 
CW° RRR 467 564 642 715 751 
ARA 423 550 569 674 713 
RAR 450 576 581 688 702 
000 451 533 512 619 633 
AOA 422 539 508 601 627 
OAO 413 544 516 624 639 
CWL^ RRR 30 33 44 63 71 
ARA 28 28 41 71 75 
RAR 29 28 46 69 83 
000 33 26 48 48 53 
AOA 35 31 42 50 66 
OAO 40 33 40 56 57 
Nitrogen RRR 43.5 32.2 20.4 15.1 11.5 
ARA 50.6 38.1 26.7 20.1 16.1 
RAR 46.8 36.5 24.2 18.0 14.2 
000 48.2 28.5 20.2 15.6 13.0 
AOA 55.9 40.8 34.0 25.3 23.0 
OAO 54.1 33.1 26.2 19.0 17.7 
®A= alfalfa , R=reed canarygrass. and 0 = orchardgrass. 
^In vitro digestible dry matter 
°Cell wall. 
*^Cell wall lignin. 
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Table II.7. (Continued) 
Days of Growth 
Vari- Treat­






RRR 514 674 666 614 584 
ARA 659 690 670 616 612 
RAR 554 700 654 593 588 
000 600 672 652 619 616 
AOA 641 676 660 638 626 
OAO 636 679 654 635 621 
RRR 608 464 508 541 576 
ARA 506 472 500 520 546 
RAR 621 478 517 561 558 
000 626 529 527 543 551 
AOA 583 534 531 556 553 
OAO 591 528 523 552 552 
RRR 73 56 • 52 76 76 
ARA 60 54 59 61 79 
RAR 70 55 56 67 65 
000 52 45 54 71 69 
AOA 49 50 47 63 57 
OAO 49 48 53 59 62 
RRR 28.2 49.0 36.4 33.8 32.4 
ARA 41 .8 48.1 40 .6 37.8 37.2 
RAR 31 .8 48.9 38.4 34.9 35.9 
000 26.1 42.1 34.2 36.2 37.6 
AOA 32.9 42.6 39.2 37.2 36.4 
OAO 35.2 43.9 38.6 36.7 37.0 
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Table II.8. F-values and significance of analysis of variance 
of the in vitro digestible dry matter and chemical 
composition of grasses grown in monoculture and in 
mixtures with alfalfa during spring and summer 
growth 
Source df IVDDM* CW» CWL® Nitrogen 
Treatment (T)^ 5 23.86** 7.91** 5.82* 12.18** 
2,4&6 vs. 
3,5&7 1 87.59** 17.22** 30.37** 1 .05 
2 vs. 4&6 1 12.20** 11.33** 0.53 20.21** 
4 vs. 6 1 15.26** 10.20* 0.38 6.53* 
3 vs. 5&7 1 4.11 0.69 0.11 31.52** 
5 vs. 7 1 0.14 0.14 0.11 5.68* 
Error a (MSB) 10 (564) (974) (0.069) (17.8) 
Harvest (H) 4 352.77** 188.21** 80.80** 233.48** 
Linear (L) 1 1192.09** 682.42** 233.68** 843.77** 
Residual 3 72.92** 23.30** 13.15** 20.95** 
T X H 20 5.81** 5.48** 1 .28 2.81* 
T X L 5 13.29** 13.32** 2.68 3.39* 
Residual 15 3.31** 2.86** 0.55 2.50** 
Error b (MSE) 48 (427) (415) (0.061) (8.02) 
Season (S) 1 69.74** 104.07** 125.89** 261.93** 
T X S 5 6.86** 31.85** 2.12 7.26** 
H X S 4 234.19** 226.25** 18.07** 158.18** 
T X H X S 20 4.42** 1.53 2.92** 0.81 
Error o (MSE) 60 (442) (475) (0.057) (12.8) 
CV% (error a) 4 6 7 13 
C7$ (error b) 3 4 5 8 
C7$ (error c) 3 4 5 11 
^In vitro digestible dry matter. 
^Cell wall. 
°Cell wall lignin. 
^2=RRR, 3=000, 4=ARA, 5=A0A, 6=RAR, and 7=0A0, where A= 
alfalfa, R=reed canarygrass, and O=orchardgrass. 
Figure II.1. In vitro digestible dry matter and chemical 
composition of alfalfa bottom leaves (5 to 30 
cm) and top leaves (above 30 cm) during spring 
and summer growth 
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GENERAL SUMMARY 
The relationships between alfalfa and associated grasses 
in a pasture or harvested forage sward are complex. The 
relationships are not simply those of competition for growth 
factors. Of the many changes in the plant and the environment 
which occur naturally, some can be culturally controlled and 
none are sufficiently understood. This study was initiated to 
better understand the effect of natural changes in an 
alfalfa-grass plant community as affected by the environment 
and by management practices. 
Alfalfa monocultures and alfalfa-grass mixtures 
significantly outyielded grass monocultures during both spring 
and summer growth periods. Alfalfa-grass mixtures outyielded 
alfalfa monocultures during only one of the two spring growth 
periods when the grasses made a major contribution to the total 
yield. When grass production was limited by insufficient 
moisture (spring of 1985)> or not able to obtain maximum growth 
potential (during the summer), alfalfa monocultures 
significantly outyielded alfalfa-grass mixtures. Alfalfa 
associated with the more productive reed canarygrass produced 
the greatest mixture yields as compared to orchardgrass. 
Alfalfa and alfalfa-grass mixtures were higher in IVDDM 
and N concentrations, and lower in CW concentration than grass 
monocultures during spring and summer growth. Alfalfa and 
alfalfa-grass mixtures analyzed twice the concentration of CWL 
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as grasses. In this study, as the proportion of grass in the 
mixtures increased, IVDDM and N concentrations decreased while 
CW concentration increased. Mertens (1983) has suggested a CW 
concentration of 360 g kg~^ DM as an optimum level for proper 
dairy cow rumen function and milk production. This level was 
exceeded by alfalfa monocultures at 30 and 40 days of growth 
during spring and summer periods, respectively. Alfalfa-grass 
mixtures and grass monocultures were higher in CW concentration 
than the 360 g kg""* DM level. 
The yield potential of alfalfa was increased by grass 
association. Alfalfa yields in binary mixtures increased from 
16 to 66$ over monoculture yields when the alfalfa grown in 
mixtures was adjusted to an equal-area-basis. The beneficial 
effect of an associated grass was greatest for reed canarygrass 
in seeding Pattern II (a row of alfalfa between two rows of 
grass). The effect of grass association on the yielding 
ability of alfalfa was least for reed canarygrass and 
orchardgrass seeded in Pattern I (a row of grass between two 
rows of alfalfa). Decreased intraspecific competition with a 
greater distance between alfalfa rows may partially account for 
the increased yield potential. Even though the yielding 
potential of alfalfa was increased by grass association, the 
increase in yield was not enough to compensate for the 
substitution of the lower yielding grass. 
The leaf-to-stem ratio of alfalfa on a total herbage basis 
decreased with advancing maturation. During the spring, a high 
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proportion of the leaves in the lower portion of the alfalfa 
canopy had dropped by 30 days of growth, leaving only fibrous 
stems. The production of top leaves and stem tops, however, 
continued through day 50. During the 50-day summer growth 
period, some bottom leaves were maintained throughout the 
entire period. Although the grass association had no effect on 
the L:S ratio of the lower portion of the alfalfa plants, the 
L:S ratio of the alfalfa tops was significantly increased 
(p<0.05) by grass association. During the spring, orchardgrass 
association increased L;S ratio more than did reed canarygrass; 
in the summer both species were similar. 
Whether the alfalfa was grown in monoculture or with reed 
canarygrass or orchardgrass, alfalfa IVDDM, CW, CWL, and N 
concentrations were not affected on a total herbage basis. By 
stratifying the canopy into alfalfa tops (above 30 cm) and 
alfalfa bottoms (below 30 cm) and also separating leaves from 
stems, it was possible to follow digestibility and 
compositional change in canopy components over 50-day periods. 
Regarding IVDDM and N concentrations, alfalfa tops 
contained higher concentrations than did the whole plant. Cell 
wall concentrations of alfalfa tops averaged less than the 
whole plant. The CW concentrations of alfalfa tops grown in 
binary mixtures averaged 11 and 19 g kg"^ lower (p<0.05) than 
monoculture tops, indicating the increased L;S ratio affected 
CW concentration. The IVDDM, CWL, and N concentrations were 
not significantly affected. 
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The IVDDM, CW, CWL, and N concentrations of alfalfa leaves 
and stems from bottoms and tops were unaffected by cool-season 
grass association. Differences were observed between the top 
and bottom leaves and stem tops and bottoms. The IVDDM and N 
concentration of the top leaves were higher than the bottom 
leaves. In the spring, CW concentration of the bottom leaves 
was greater than the top leaves. Alfalfa CWL concentrations 
were mostly stable with respect to season and plant parts. 
Changes in IVDDM, CW, and N concentrations were much greater 
for alfalfa stem segments than alfalfa leaves. Stem tops were 
more digestible, had a higher N concentration, and a lower CW 
concentration than stem bottoms. 
Reed canarygrass significantly outyielded orchardgrass 
during both spring and summer growth. Grass yields in binary 
mixtures were directly related to the proportion of grass in 
the mixtures. Adjusted grass yields of binary mixtures were 
not affected by alfalfa association even though there was a 
trend for increased tiller weights when associated with 
alfalfa. Poor grass establishment in Planting II contributed 
to a lower proportion of grass in the alfalfa-grass mixtures. 
Orchardgrass was 5% more digestible and contained 4% less 
CW than reed canarygrass. The IVDDM concentration was 
significantly higher (p<0.01) and the CW concentration 
significantly lower (p<0.0l) in reed canarygrass associated 
with alfalfa. Although not significant, the same trends were 
observed for orchardgrass. The N concentration of grasses next 
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to a single row of alfalfa increased 11^ while grass grown 
between two rows of alfalfa increased 20$ as compared to 
monocultures. 
Although alfalfa-grass mixtures outyielded alfalfa 
monoculture in one instance, the addition of a cool-season 
grass to an alfalfa seeding had little positive influence on 
total yields or forage quality. Alfalfa monocultures were more 
productive and of higher quality than binary mixtures with reed 
canarygrass or orchardgrass or grass monocultures under the 
conditions of this study; yet, the association of cool-season 
grasses increased the yielding ability of alfalfa when adjusted 
to an equal-area-basis. The in vitro digestibility and 
chemical composition of alfalfa plants and plant parts were not 
affected by grass. Decreased intraspecific competition by 
increasing the distance between alfalfa rows may partially 
account for the increased leaf-to-stem ratio of alfalfa tops in 
binary mixtures. The IVDDM, CW, CWL, and N concentration of 
alfalfa plant parts were also unaffected by cool-season grass 
association. 
Reed canarygrass significantly outyielded orchardgrass, 
but had lower IVDDM and higher CW concentrations. The IVDDM 
and N concentrations of the grasses were increased by alfalfa 
association and CW concentrations were decreased. The 
increased potential in alfalfa yield from cool-season grass 
association and the increase in grass quality from alfalfa 
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Figure Al. Diagram of plots established 29 April 1983 at the 
Iowa State Univ. Agronomy and Agric. Res. Center, 
Boone County, Iowa. A split plot design was 
employed, treatments (1—7) were randomly assigned 
to whole plots 1-7 (Rep. 1), 8-I4 (Rep. 2), and 
15-21 (Rep. 3) 
116 
2 4 3 1 5 7 6 
1 a 13 1 b 1 1 a 1 3 1 b 1 laUlbl fblsja] lb 1 3I a| 
Ibl^lal la 1 31b 1 1 bl2Ia 1 Pbi liai |b141 aj (alslb 1 |a UI b| 
fflb] Ibl 51 a 1 1 b 1 11 aj Ibl 2I a| M2|b| |b|41 a 1 |b 1 11 a 1 
|a|l ibl |b|i|.i| i .1 1 3 1 11 1 1 '1 5I bl Ibl I la] 1 n 1 5 1 b 1 |a 12Ib| 
[.lb lb] 1 bl iJ 1 1 b 1 4 i a 1 1 a| 3] b| [aj 5) b] |b|l|a| fbTsia] 
36 37 38 39 40 41 42 
5 4 2 1 6 3 7 
1 als1b 1 lalzik) j n| 4I b| 1 ai lib! lal 2Ib| kW.I 1 a j 4 } b 1 
1 bl sl a 1 1 bl 3I nl hhUl 1 a 1 11 b 1 [ajslTj Tahibl 
( bi1i a 1 |b] l| a] rafsi bi I ai 3| b| ibl 4I a] 1 al 31 b 1 |a 1 51 b 1 
Tbpi 1 a] Î bl 4ra| 1 bl l| at |h|4la| 1 bj 3] a| lalAtbl |b1 liai 
1 b 12 1 a 1 1 al sl bj lal zlbl 1 al 5I bl Ibl 5I al 1 bl 11 a 1 |b 1 31a| 
29 30 31 32 33 34 33 
6 7 3 1 2 4 5 
1 bislU 1 al bl 1bl 11 a| 1 tibial fbl l i a1 1 a| 2I bl lal 4lVi 
1 ahlbl 1 a] 4| bj |aî 4I bl 1 b|4|a| 1 al 3I bl [al l l bl 1 b 1 S1 a 1 
1 bÏ2|a1 La] iJ L'] 1 ^ 1 ^1 ''1 Uhlbl 1 bj 3I a| Q sl I?! IbTzlTI 
1 1 a' i| b| Ll •'! 1 5 M N^l aj Ibhlaj 
lafllb] 1 al 2I bl 1 b| 2I a| I al 3 1 b] 1 a| 4I b| |a| 3| b[ |a 1 ij b| 
22 23 24 25 26 27 28 
Figure A2. Diagram of plots established 29 April 1983 at the 
Iowa State Univ. Agronomy and Agric. Res. Center, 
Boone County, Iowa. A split plot design was 
employed, treatments (1-7) were randomly assigned 
to whole plots 22-28 (Rep. 1), 29-35 (Rep. 2), and 
30-42 (Rep. 3) 
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Figure A3. Diagram of plots established 25 April 1984 at the 
Iowa State Univ. Agronomy and Agric. Res. Center, 
Boone County, Iowa. A split plot design was 
employed, treatments (1—7) were randomly assigned 
to whole plots 43-49 (Rep. 1), 50-56 (Rep. 2), and 
57-53 (Rep. 3) 
1 1 6  
Figure A4. Canopy separation cage used to separate the alfalfa 
canopy into tops (above 30 cm) and bottoms (below 
30 cm) 
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Table Al. Dates of 10, 20, 30, 40 and 50-àay harvests July 
1983 through June 1985 









10 25 July 11 May 26 July 29 April 
20 3 August 21 May 6 August 9 May 
30 13 August 31 May 15 August 20 May 
40 23 August 11 June 24 August 30 May 
50 5 September 20 June 3 September 10 June 
^Harvesting began 10 days after initial growth was 
removed. 
Harvesting began when the forage was 20 to 25 cm tall. 
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Table A2. Maximum, minimum, and mean daily temperature 
recorded at Iowa State University Agronomy and 
Agricultural Engineering Center 
Days of Growth 
Temperature 10 20 30 40 50 Mean 
°C 
Summer 1983 
Maximum 32.8 31.7 32.1 33.9 32.1 32.3 
Minimum 20.8 18.2 18.9 20.1 17.6 19.1 
Mean 26.8 25.0 25.5 27.0 24.4 25.7 
Spring 1984 
Maximum 16.1 24.3 20.8 26.9 27.3 23.1 
Minimum 4.7 11.8 9.3 15.5 17.1 11.7 
Mean 10.4 18.1 15.1 21 .2 22.2 17.4 
Summer 1984 
Maximum 29.9 27.9 30.9 27.8 32.8 29.9 
Minimum 17.4 16.0 17.0 15.7 15.4 16.3 
Mean 23.7 22.0 24.0 21 .8 24.1 23.1 
Spring 1985 
Maximum 23.5 25.1 23.7 26.9 28.1 25.5 
Minimum 11 .6 9.4 11.2 17.7 11 .9 11.2 
Mean 17.6 17.3 17.5 19.3 20.0 18.3 
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Table A3» Total precipitation recorded at Iowa State 
University Agronomy and Agricultural Research 
Center 
Days of Growth 
Growth 
Period 10 20 30 40 50 Total 
mm 
Summer 1983 6.4 40.6 1 .8 21 .8 83.3 153.9 
Spring 1984 10.2 22.6 96.5 29.0 125.7 284.0 
Summer 1984 15.2 26.7 2.0 6.1 7.6 57.7 
Spring 1985 23.4 10.4 12.2 9.7 16.8 72.5 
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Table A4. Alfalfa, reed canarygrass, and orchardgrass 
phenological development 
Days of Growth 
Treatment^ 10 20 30 40 50 
Summer 1983^ 
Spring 1984 
AAA° 0.6 2.2 2.7 3.4 5.1 
RRR^ 23.2 32.5 48.5 59.7 85.8 
000* 22.8 28.7 33.5 58.8 53.3 
Summer 1984 
AAA 0.4 1 .9 2.2 2.6 2.6 
RRR 21 .8 31 .7 32.6 33.1 33.5 
000 21 .1 22.2 22.2 22.6 22.4 
Spring 1985 
AAA 1 .4 2.6 2.9 3.8 5.4 
RRR 22.8 45.0 45.8 61 .8 85.4 
000 22.2 23.7 26.6 25.5 30.3 
^A=alfalfa, R=reed canarygrass, and O=orchardgrass. 
^No data taken. 
°After Kalu and Pick, 1983. 
"^After Simon and Park, 1981. 
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Table A5« Weight of twenty alfalfa shoots from alfalfa 
monoculture and mixtures 
Days of Growth 
Treatment^ 10 20 30 40 50 
M 1» ^  ^ ^ 1 
—-—g 
Summer 1983^ 
AAA 8.1 11.3 15.3 18.2 
ARA — —  8.0 11.0 12.8 17.3 
AOA — —  6.7 8.6 12.7 14.4 
RAR — —  6.9 9.9 14.5 27.7 
OAO — — 5.0 9.3 11.2 15.1 
Spring 1984 
AAA 4.4 13.6 23.7 26.0 35.5 
ARA 3.9 11.1 18.2 25.0 25.4 
AOA 4.7 12.7 13.2 28.3 31.0 
RAR 5.0 12.9 14.8 23.0 32.7 
OAO 4.4 11.9 17.9 31 .9 44.9 
Summer 1984 
AAA 5.2 12.4 18.9 25.7 20.4 
ARA 4.0 11.7 22.1 25.7 26.8 
AOA 4.2 12.2 19.3 27.4 24.5 
RAR 4.8 14.5 27.2 34.1 25.9 
OAO 4.3 12.0 23.9 34.5 26.9 
Spring 1985 
AAA 8.3 22.2 33.0 39.0 47.9 
ARA 9.7 21 .4 30.8 42.8 46.3 
AOA 9.4 22.7 27.1 43.3 49.1 
RAR 11.1 26.6 28.6 37.9 47.3 
OAO 11 .8 26.6 37.0 42.2 55.6 
^A=alfalfa, R=reed canarygrass, and O=orchardgrass. 
^No data taken first harvest. 
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Table A6. F-test values and significance of analysis of 
variance of the weight of twenty alfalfa shoots in 
monoculture and mixtures 
Summer Spring Summer Spring 
Source df 1983^ 1984 1984 1985 
Treatment (T)^ 4 3.17+ 1.58 5.29* 0.92 
1 vs. 4,5,6&7 1 1.17 0.96 8.22* 6.32* 
4&6 vs. 5&7 1 8.66* 2.54 0.74 1.12 
4 vs. 6 1 2.70 0.15 7.07* 0.00 
5 vs. 7 1 0.10 2.69 5.19 2.21 
Error a (MSB) 8 (13.43) (49.13) (11.23) (64.23) 
Harvest (H) 4 19.79** 115.19** 167.77** 136.14** 
Linear (L) 1 58.23** 296.49** 550.00** 538.68** 
Residual 3 0.36 0.83 40.44** 1.97 
T X H 16 1.05 2.32* 1 .68 0.68 
T X L 4 4.46** 3.10* 2.61* 0.57 
Residual 12 0.34 0.03 1.11 0.71 
Error b (MSE) 40 (18.60) (17.57) (9.10) (25.51) 
C7$ (error a) 30 37 18 26 
CY% (error b) 35 22 16 16 
^The df for H=3* T X'H = 12, and error b=30. 
^1=AAA, 4=ARA, 5=A0A, 6=RAR, and 7=0A0, where A=alfalfa, 
R=reed canarygrass, and O=orchardgrass. 
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Table A7. Mean height of twenty alfalfa shoots from 
monocultures and mixtures 
Days of Growth 
Treatment^ 10 20 30 40 50 
———— cm —— 
Summer 1985^ 
AAA — 30 36 41 48 
ARA — 30 36 36 47 
AOA — 28 31 36 45 
RAR — 28 33 39 49 
OAO — 24 31 30 42 
Spring 1984 
AAA 20 49 64 81 91 
ARA 24 31 58 78 91 
AOA 21 47 56 76 96 
RAR 24 49 57 78 94 
OAO 20 46 54 75 91 
Summer 1984 
AAA 24 49 60 53 53 
ARA 21 46 56 61 65 
AOA 21 47 56 53 53 
RAR 21 45 54 62 56 
OAO 20 42 52 57 54 
Spring 1985 
AAA 35 63 75 88 104 
ARA 36 60 71 84 100 
AOA 35 61 71 87 96 
RAR 35 61 68 74 87 
OAO 34 58 70 74 90 
^A=alfalfa, R=reed canarygrass, and O=orchardgrass. 
^No data taken first harvest. 
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Table A8. F-test values and significance of analysis of 
variance of the mean alfalfa height of twenty 
shoots in monoculture and mixtures 
Summer Spring Summer Spring 
Source df 1983* 1984 1984 1985 
Treatment (T)^ 4 5.95* 1.45 3.08 + 2.07 
1 vs. 4»5,6&7 1 7.74* 1 .60 0.29 4.13 
4&6 vs. 5&7 1 11.97** 2.80 8.85* 0.00 
4 vs. 6 1 0.00 0.00 2.61 2.13 
5 vs. 7 1 4.09 1.42 0.57 2.01 
Error a (MSE) 8 (16.38) (20.38) (16.76) (84.50) 
Harvest (H) 4 199.96** 529.88** 244.61** 191.30** 
Linear (L) 1 566.74** 1253.93** 702.99** 762.20** 
Residual 3 16.96** 12.73** 91.85** 28.02** 
T X H 16 1.68 0.80 2.26* 0.88 
T X L 4 1.34 0.40 4.85** 2.61* 
Residual 12 1.24 0.88 1.39 0.31 
Error b (MSE) 40 (4.51) (20.98) (14.07) (41.00) 
Zl% (error a) 11 8 9 13 
CV$ (error b) 6 8 8 9 
^The df for H = 3» T X H = 12, and error b = 30. 
^Treatment 1= AAA, 3=000, 4=A.RA, 5=A0A, 6=RAR, and 7=0A0, 
where A=alfalfa, R=reed canarygrass, and O=orchardgrass. 
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Table A9. Spring yield of alfalfa plant parts in monoculture 
and mixtures adjusted to an equal area-basis 
Days of Growth 
Treat- Plant 
ment® Part 10 20 30 40 50 
Spring 1984^ 
AAA Top Leaves 0 70 108 178 147 
Top Stems 0 28 75 161 219 
Bottom Leaves 88 40 22 6 0 
Bottom Stems 47 140 181 246 178 
ARA Top Leaves 0 65 133 214 138 
Top Stems 0 27 91 176 182 
Bottom Leaves 134 33 25 2 0 
Bottom Stems 74 139 196 244 175 
AOA Top Leaves 0 73 158 225 203 
Top Stems 0 28 91 204 271 
Bottom Leaves 97 70 35 1 0 
Bottom Stems 44 107 224 239 214 
RAR Top Leaves 0 135 167 179 273 
Top Stems 0 59 109 179 319 
Bottom Leaves 161 64 48 0 0 
Bottom Stems 90 202 241 195 292 
OAO Top Leaves 0 95 171 244 323 
Top Stems 0 27 84 195 336 
Bottom Leaves 92 63 59 5 0 
Bottom Stems 48 142 219 214 239 
^A=alfalfa, R=reed canarygrass, and O=orchardgrass. 
^C.V. for treatments and harvests are 41 and 29%> 
respectively. 
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Table A9. (Continued) 




Part 10 20 30 40 50 
Spring 1985® 
AAA Top Leaves 0 147 212 231 243 
Top Stems 0 94 190 264 330 
Bottom Leaves 138 33 16 0 0 
Bottom Stems 94 192 220 216 227 
ARA Top Leaves 0 153 215 312 283 
Top Stems 0 79 214 394 349 
Bottom Leaves 199 40 10 0 0 
Bottom Stems 132 197 262 314 271 
AOA Top Leaves 0 165 227 273 317 
Top Stems 0 86 207 271 397 
Bottom Leaves 187 35 10 0 0 
Bottom Stems 119 215 236 254 259 
RAR Top Leaves 0 236 338 486 498 
Top Stems 0 117 306 421 629 
Bottom Leaves 282 66 24 0 0 
Bottom Stems 192 297 364 524 441 
OAO Top Leaves 0 241 333 468 591 
Top Stems 0 96 296 388 659 
Bottom Leaves 274 73 18 0 0 
Bottom Stems 167 282 337 463 429 
*^C.V. for treatments and harvests are 16 and 19^> 
respectively. 
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Table A10. F-test values and significance of analysis of 
variance of alfalfa yield in monoculture and 
mixtures adjusted to an equal area basis 
Summer Spring Summer Spring 
Source df 1983 1984 1984 1985 
Treatment (T)^ 4 11.75** 1.78 46.72** 37.80** 
1 vs. 4»5,6&7 1 0.07 2.83 74.85** 48.66** 
4&6 vs. 5&7 1 34.57** 0.03 0.45 0.56 
4 vs. 6 1 12.29** 3 .66 69.51** 49.27** 
5 vs. 7 1 0.06 0.60 42.09** 52.73** 
Error a (MSE) 8 (1293) (36500) (8774) (19649) 
Harvest (H) 4 159.40** 38.28** 290.36** 75.08** 
Linear (L) 1 452.76** 151.09** 924.85** 297.66** 
Residual 3 61.55** 0.67 78.87** 0.89 
T X H 16 1.66 1.24 9.73** 2.52** 
T X L 4 2.15 1.97 33.24** 8.24** 
Residual 12 1.50 1.00 1 .89 0.62 
Error b (MSE) 40 (1506) (18223) (3706) (23129) 
CV$ (error a) 16 41 18 40 
CV56 (error b) 17 29 12 19 
^ 1=AAA, 4=ARA, 5=A0A, 6=RAR, and 7=0A0, where A=alfalfa, 
R=reed canarygrass, and O=orchardgrass. 
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Table All. Weight of twenty grass tillers from monocultures 
and mixtures 
Days of Growth 
Treatment^ 10 20 30 40 50 
Summer 1983 
RRR b 2.8 5.0 5.9 9.7 
ARA b 3.7 5.8 6.7 11.2 
RAR b 2.9 5.5 8.0 9.9 
000 b 3.7 4.3 4.5 5.6 
ADA b 4.1 5.2 6.4 8.0 
OAO b 2.4 4.9 4.6 8.8 
Spring 1984 
RRR 4.0 18.5 24.9 28.3 39.5 
ARA 6.2 18.4 24.7 47.4 48.8 
RAR 6.7 14.5 15.7 37.0 40.7 
000 1 .3 8.7 9.6 23.7 22.4 
AOA 2.3 7.4 8.7 22.8 25.8 
OAO 2.3 7.9 11.2 23.3 24.6 
Summer 1984 
RRR 1 .2 2.0 4.4 6.0 7.7 
AHA 0.8 1.9 1 .9 2.0 4.0 
RAR 0.6 0.9 2.5 2.1 4.3 
000 1.6 2.3 4.5 3.7 3.4 
AOA 1.3 1.7 3.2 3.9 3.9 
OAO 1.2 1.9 4.1 5.0 4.2 
Spring 1985 
RRR 3.4 10.3 20.9 28.9 35.2 
ARA 4.2 15.5 20.5 27.7 50.0 
RAR 4.3 17.9 18.8 28.6 49.2 
000 0.9 5.3 9.3 8.9 9.3 
AOA 3.3 9.9 13.9 20.2 34.0 
OAO 2.4 6.5 6.1 12.4 22.7 
^A=alfalfa, R=reed canarygrass, and O=orchardgrass. 
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Table A12. F-test values and significance of analysis of 
variance of grass tiller weight in monoculture and 
mixtures 
Summer Spring Summer Spring 




2 vs. 4&6 
4 vs. 6 
3 vs. 5&7 
5 vs. 7 




T X H 
T X L 
Residual 
Error b (MSE) 
C7$ (error a) 
Cl% (error b) 










1 . 2 1  
0 . 0 8  








0 . 6 8  





















18 .11* *  
0 . 0 0  
0 . 0 0  
0.72 













0 . 0 1  
20.97** 
14.85** 




4 .80**  
14.79** 
1 .48 




Table A13» Mean height of twenty grass tillers from 
monocultures and mixtures 
Days of Growth 
Treatment® 10 20 30 40 50 
cm 
Summer 1983 
RRR b 28 36 36 52 
ARA b 35 43 40 55 
RAR b 32 38 42 53 
000 b 34 37 33 51 
AOA b 37 46 48 64 
OAO b 26 40 38 63 
Spring 1984 
RRR 29 54 74 100 125 
ARA 33 67 74 109 125 
RAR 32 60 76 107 120 
000 21 43 58 81 89 
AOA 26 55 66 84 90 
OAO 26 52 63 85 96 
Summer 1984 
RRR 18 32 43 44 46 
ARA 15 37 36 35 45 
RAR 13 30 35 36 41 
000 21 31 37 35 36 
AOA 19 37 48 53 48 
OAO 20 33 44 52 48 
Spring 1985 
RRR 26 53 70 83 98 
ARA 36 68 53 73 94 
RAR 33 67 70 77 106 
000 21 45 53 58 59 
AOA 41 73 77 88 83 
OAO 37 65 66 73 83 
^A=alfalfa, R=reed canarygrass, and O=orchardgrass. 
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Table AI4. F-test values and significance of analysis of 
variance of grass tiller height in monoculture and 
mixtures 
Summer Spring Summer Spring 
Source df 1983^ 1984 1984 1985 
Treatment (T)® 5 2.43 29.29** 4.62* 23.28** 
2,4&6 vs. 
5,5&7 1 1 .29 134.03** 5.33* 14.45** 
2 vs. 4&6 1 1 .87 3.57 3.27 0.81 
4 vs. 6 1 0.25 1.16 1.11 4.22 
3 vs. 5&7 1 4.77 7.68* 12.97** 87.82** 
5 vs. 7 1 3.96 0.00 0.38 9.17* 
Error a (MSB) 10 (74.7) (45.7) (54.8) (51.9) 
Harvest (H) 4 178.50** 660.05** 93.90** 115.77** 
Linear (L) 1 450.46** 2602.48** 305.21** 421.07** 
Residual 3 28.36** 12.57** 23.46** 14.00** 
T X H 20 2.88** 4.25** 1 .93* 2.74** 
T X L 5 5.91** 13.25** 3.20* 5.38** 
Residual 15 0.90 1 .25 1 .51 1.86 
Error b (MSE) 48 (10.9) (27.1) (22.1) (65.2) 
Cl% (error a) 20 10 21 11 
Cl% (error b) 8 7 13 13 
^2=RRR, 3=000, 4=ARA, 5=A0A, 6=RAR, and 7=0A0, where 
A=alfalfa, R=reed canarygrass, and O=orchardgrass. 
^df H=3 TxH=15 Error b = 36. 
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Table A^5• Yield of grass component in monoculture and 
mixtures adjusted to an equal-area-basis. 
Days of Growth 




RRR 34 61 211 195 318 
ARA 8 78 203 129 310 
RAR 16 97 200 206 275 
000 27 74 199 120 197 
AOÂ 21 116 218 221 378 
OAO 12 74 183 184 225 
Spring 1984 
RRR 124 322 469 596 898 
ARA 188 541 709 759 1466 
RAR 186 385 452 695 912 
000 72 184 292 481 466 
AOA 78 242 316 532 557 
OAO 65 181 307 527 471 
Summer 1984 
RRR 23 124 217 264 306 
ARA 5 26 37 17 43 
RAR 3 29 71 64 61 
000 27 87 138 163 171 
AOA 5 26 38 17 43 
OAO 5 42 73 80 66 
^A=alfalfa, R=reed canarygrass, and O=orchardgrass. 
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Table AI5. (Continued) 
Days of Growth 
Treatment^ 10 20 30 40 50 
Spring 1985 
RRR 141 326 518 605 681 
ARA 238 214 72 37 256 
RAR 115 335 373 275 334 
000 68 179 377 315 402 
AOA 201 499 316 311 316 
OAO 110 239 296 349 334 
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Table A16. F-test values and significance of analysis of 
variance of grass yields in monoculture and 
mixtures adjusted to an equal area basis 
Summer Spring Summer Spring 
Source df 1983 1984 1984 1985 
Treatment (T)* 5 3.30+ 3.06+ 81.84** 12.70** 
2,4&6 vs. 
3,5&7 1 0.31 11.27** 11.23** 0.41 
2 vs. 4&6 1 0.50 1.59 311.63** 48.98** 
4 vs. 6 1 0.50 2.34 3.97 10.54* 
3 vs. 5&7 1 5.10 0.06 77.12** 0.79 
5 vs. 7 1 8.93* 0.07 5.36* 2.78 
Error a (MSE) 10 (2542) (137076) (731) (10697) 
Harvest (H) 4 114.81** 51.60** 137.93** 26.64** 
Linear (L) 1 414.36** 205.04** 478.36** 82.64** 
Residual 3 14.93** 0.45 24.11** 7.97* 
T X H 20 1 .75 2.17* 21.03** 6.76** 
T X L 5 3.92** 5.14** 79.16** 16.16** 
Residual 15 1.03 1.18 1.60 2.93** 
Error b (MSE) 48 (1672) (23658) (236) (5448) 
C7$ (error a) 33 82 35 35 
CT$ (error b) 27 34 20 25 
^2=RRR, 3=000 J 4=A.RAj 5=A0A, 6=RAR, and 7=0A0, where 
A=alfalfa, R=reed canarygrass, and O=orchardgrass. 
